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PREFACE

B Purpose of This Manual and Intended Reader

The MB89202/F202RA series was developed as one of the general-purpose products of the

F2MC-8L family, which contains original 8-bit one-chip microcontrollers for use with ASICs
(application specific ICs). The MB89202/F202RA series can be used in a wide range of
products from consumer products to industrial products.

This manual explains the functions and operations of the MB89202/F202RA series for product
development.

The F2MC-8L Programming Manual contains details of the programming instructions.

Note: F2MC, an abbreviation for FUJITSU Flexible Microcontroller, is a registered trademark of
FUJITSU LIMITED.

B Trademark

The company names and brand names herein are the trademarks or registered trademarks of
their respective owners.

B Structure of This Manual
This manual consists of the following 17 chapters and appendix.
CHAPTER 1 OVERVIEW
This chapter describes the features and basic specification of the MB89202/F202RA series.
CHAPTER 2 HANDLING DEVICES

This chapter describes the precautions to be taken when handling the MB89202/F202RA
series.

CHAPTER 3 CPU

This chapter describes the functions and operation of the CPU.
CHAPTER 4 1/0 PORTS

This chapter describes the functions and operation of the 1/0O ports.
CHAPTER S5 TIME-BASE TIMER

This chapter describes the functions and operation of the time-base timer.
CHAPTER 6 WATCHDOG TIMER

This chapter describes the functions and operation of the watchdog timer.
CHAPTER 7 8-BIT PWM TIMER

This chapter describes the functions and operation of the 8-bit PWM timer.
CHAPTER 8 8/16-BIT CAPTURE TIMER/COUNTER

This chapter describes the functions and operation of the 8/16-bit capture timer/counter.
CHAPTER 9 12-BIT PPG TIMER

This chapter describes the functions and operation of the 12-bit PPG timer.



CHAPTER 10 EXTERNAL INTERRUPT CIRCUIT 1 (EDGE)
This chapter describes the functions and operation of external interrupt circuit 1 (edge).
CHAPTER 11 EXTERNAL INTERRUPT CIRCUIT 2 (LEVEL)
This chapter describes the functions and operation of external interrupt circuit 2 (level).
CHAPTER 12 A/D CONVERTER
This chapter describes the functions and operation of the A/D converter.
CHAPTER 13 UART
This chapter describes the functions and operation of UART.
CHAPTER 14 8-BIT SERIAL 1/O
This chapter describes the functions and operation of the 8-bit serial 1/O.
CHAPTER 15 BUZZER OUTPUT
This chapter describes the functions and operation of the buzzer output.
CHAPTER 16 WILD REGISTER FUNCTIONS
This chapter describes the functions and operation of the wild registers.
CHAPTER 17 FLASH MEMORY
This chapter describes the functions and operation of the flash memory.
APPENDIX

This appendix shows the I/O map and instructions list.
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READING THIS MANUAL

B Example Notation of Register Names and Pin Names

O Example notation of register names and bit names

By writing 1 into the sleep bit of the standby control reqgister (STBC : SLP), ...

T T

Bit name Register name Bit abbreviation

Register abbreviation

Prohibit the output of interrupt request of the time-base timer (TBTC : TBIE = 0).
/L Setting data

Bit abbreviation

Register abbreviation

If interrupt enabled (CCR : 1= 1 s specified, the interrupt is accepted.

Current state

Bit abbreviation

Register abbreviation

O Example notation of multi-use pins
P33/EC pin

Some pins can switch functions according to a setting made by a program or other method.
These pins are called multi-use pins. For multi-use pins, the names corresponding to
functions are listed and divided by /.
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CHAPTER 1

OVERVIEW

This chapter describes the features and basic
specification of the MB89202/F202RA series.

1.1 Features of MB89202/F202RA Series

1.2 MB89202/F202RA Series Product Lineup
1.3 Differences between Models

1.4 Block Diagram of MB89202/F202RA Series
1.5 Pin Assignment

1.6 Package Dimensions

1.7 Pin Functions Description

1.8 1/O Circuit Types
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1.1 Features of MB89202/F202RA Series

The MB89202/F202RA series contains general-purpose single-chip microcontrollers that
incorporate a full range of peripheral functions such as A/D converter, UART, PWM
timer, PPG, capture timer/counter and external interrupts as well as a compact
instruction set.

m Features of MB89202/F202RA Series

® F2MC-8L CPU core

* Instruction set most suitable for controllers
* Multiplication and division instruction

« 16-bit operation

< Branchinstruction by bit test

» Bit operation instruction, and others

@® 4-system timers

» 8/16-bit capture timer/counter (8-bit capture timer/counter + 8-bit timer or 16-bit capture timer/counter)
e 8-bit PWM timer (also available as an interval timer)

o 21-bit time-base timer

e Watchdog timer

@® 10-bit A/D converter

e 10-bit A/D x 8 channels
« Activation by 8/16-bit capture timer/counter output is possible.

@® Programmable pulse generator (PPG)

e Pulse width and cycle are software selectable (12-bit PPG).

® UART
e 6,7, or 8transfer datalength

@® 8-bit serial I/O

* Available when switched from UART
e LSBfirst/MSB first selectability

@ External interrupts

« External interrupt 1 (edge detection x 3 pins) has three independent inputs and can be used for wake-up
from low-power consumption mode. (The edge detection can be selected from rising-edge, falling-edge,
and both-edge modes.)
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« External interrupt 2 (level detection x 8 pins, 1 channel) has eight independent inputs and can be used
for wake-up from low-power consumption mode. (L level detection function is supported.)
@® Low-power consumption modes (standby modes)

» Stop mode (The oscillation is stopped so that current consumption is minimal.)

« Sleep mode (The CPU is stopped so that the current consumption is reduced by one-third of normal
consumption.)

® Up to 26 pins of I/O ports
¢ Genera-purpose I/0 ports (CMOS): 26 pins (4 of which can be used as N-ch open-drain I/O ports.)

® \Wild registers

e 2-byte dataat two addresses are available.
« When a specific address or datais used on awild register, the datain the ROM areais changed.

@® 16 KB Flash with read protection

» Once the protection code is written in the specified address, the FLASH content cannot be read by
parallel/serial programmer.
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1.2 MB89202/F202RA Series Product Lineup

Four MB89202 series models are available. Table 1.2-1 shows the models and Table 1.2-
2 shows the CPU and peripheral functions.

B MB89202/F202RA Series Models

Table 1.2-1 MB89202/F202RA Series Models

MB89201 MB89F202/F202RA MB89V201
Classification Evaluation product Flash memory product Mask ROM product
(for development) (read protection)
. 32K x 8 hits 16K x 8 hits 16K x 8 bits
ROM size (External EPROM2) (Internal Flash) (Internal mask ROM)
RAM size 512 x 8 hits
L ow-power consumption Sleep mode and stop mode
(standby mode)
Process CMOS

*1: The minimum operating voltage varies with conditions such as operating frequency, functions, and connecting

ICE.

*2: MBM27C256A isused asthe external ROM.
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Table 1.2-2 CPU and Peripheral Functions of MB89202/F202RA Series

Item Specification
Number of basic instructions: 136 instructions
Instruction bit length: 8 bits
. Instruction length: 1to 3 bytes
CPU function Data bit length: 1, 8, or 16 bits
Minimum instruction executiontime:  0.32to 5.1 ps(at 12.5 MHz)
Interrupt processing time: 2.881t046.1 ps(at 12.5 MHz)
Port Genera-purpose I/O port: 26 pins (Also serve as peripherals. 4 of which can be used as N-ch
open-drain 1/O ports.)
21-bit 21 hits
time-base | Interrupt cycle: 0.66 ms, 2.64 ms, 21 ms, or 335.5 mswith 12.5MHz main clock
timer
Watchdog | Reset occurrence cycle: When the main clock isat 12.5 MHz (minimum 335.5 ms)
timer
. 8-bit interval timer operation (Square wave output is supported. Operating clock cycle:
8-bit 1tnsh 16 tynsT 64 tynsT: @and 8/16-bit capture timer/counter output)
PWM . . . . ]
timer 8-hit resolution PWM operation (Conversion cycle:

256 t;nsT, 4096 ST, 16384t ST and 256 times 8/16-bit capture timer/counter output)
8/16-hit 8-bit capture timer/counter x 1 channel + 8-bit timer or 16-bit capture timer/counter x 1 channel
capture When timer O or a 16-bit counter is operating, event-counting operation by external clock input
timer/ and sguare wave output are supported.
counter

Periphera | UART Transfer datalength: 6, 7, or 8 bits
| function o bitserig | 8DItSIength, LSB first/MSB first selectability
| /-OI e One clock selectable from four operation clocks
(one external shift clock, threeinternal shift clocks: 2 tjysT, 8 tinsT: 32 tinsT)
12-hit Output frequency: Pulse width and cycle are selectable.
PPG timer
Externa 3 channels (interrupt vector, request flag, and request output enable)
interrupt 1 | Edge selectability (selectable from rising edge, falling edge, and both-edge modes)
(wake-up) | Also available for wake-up from stop or sleep (Edge detection is also available in stop mode.)
External 8 inputs 1 channel (L level interrupt and input enable are independent.)
interrupt 2 | Also available for wake-up from stop or sleep (Level detection is also available in stop mode.)
(wake-up)
. 10-hit resolution x 8 channels
clzg:\)/grg/r D | A/D conversion function (Conversion time: 38 t)\sT)
Continuous activation by 8/16-bit capture timer/counter output or time-base timer output.
wild 8-bit x 2
register

Note:

The oscillation is 12.5 MHz unless another condition such as the main clock maximum speed, the clock
cycle value, or conversion timeis stated.
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1.3 Differences between Models

This section describes the precautions to be taken when selecting a MB89202/F202RA
series model.

B Precautions when Selecting a Model

Table 1.3-1 Differences between Models

Package MB89201 MB89F202/F202RA MB89V202
DIP-32P-M06 » o o
FPT-32P-M03 » o o
FPT-64P-M03 o » y

@ Current consumption

¢ When operated at alow speed, the current consumption of a model with aflash is greater than that of a
model with a mask ROM, though the current consumption in sleep or stop mode is the same.

Notes:
« For details on each package, see Section "1.6 Package Dimensions™".

« For details on current consumption and electrical characteristics of A/D converter, see the electrical
characteristics in the Data Sheet.


"Notes:" is changed.
(The followings sentence is deleted.
"• At turning on the power, when the device is used without inputting the external reset, select "reset output supported" and "power-on reset supported" by mask option.")


The followings package is changed in Table 1.3-1.
(FPT-34P-M03 → FPT-32P-M03)
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1.4 Block Diagram of MB89202/F202RA Series

Figure 1.4-1 shows the block diagram of the MB89202/F202RA series.

m Block Diagram of MB89202/F202RA Series

Figure 1.4-1 Block Diagram of MB89202/F202RA Series

—_—
X0 Main clock | | ) .
X1 oscillator [+—| Time-base timer
Clock controller
] CMOS /O port
[Te)
RST=—= © Resetcireuit ool e+ g-bit PWM e P50 / PWM
&
2
P60, P61 —/ CMOS 1/0 port <o
| UART prescaler
P70 3 ~ T
to 5 CMOS I/O port = —
*1p72 o ~* o
g [ c
a UART — g
P04 / INT24 4 CMOS 1/O port ] Tg le— ‘g
to 5 @ [+ <— P30/ UCK/SCK
P07 / INT27 g S <~— P31/UO /SO
8 External S~ [—P32/UI/SI
P02 /INT22 / AN6, _2 interrupt2 = .| &wbit 3
P03 / INT23 / AN7 ° (wake-up) serial 10 | | &
5 el
a
P00 /INT20 / AN4, _2 4
PO1/INT21/AN5 8/16-bit ~— P33 /EC
4 10-bit A/D [ +—| capture timer/ ™
converter counter g <— P34 /TO/INT10
“P4O/ANO 4 | T -
to 5
*1P43 / AN3 o 3
CMOS 1/O port ] [+—|External interrupt1| / Egg ; m$ﬁ
(N-ch OD)
*2
512 or 256 bytes RAM [«
™ 12-bit PPG
F2MC - 8 L CPU " 00‘<—> P37 /BZ/ PPG
—— Other pins T
%2 | Buzzer output
Vcc, Vss, C 16K or 8K bytes ROM
Wild register ] ™ CMOS /0 port
*1: Large-current drive type
*2: Check section "3.1 Memory Space"
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1.5 Pin Assignment

Figure 1.5-1 and Figure 1.5-2 show the pin assignment of the MB89202/F202RA series.

m Pin Assignment of DIP-32P-M06

Figure 1.5-1 Pin Assignment of DIP-32P-M06

PO4/INT24 [ 1 32 [ Ve
PO5/INT25 [ 2 31 [] PO3/INT23/AN7
PO6/INT26 [ 3 30 [ PO2/INT22/AN6
PO7/INT27 [ 4 29 [ PO1/INT21/AN5
P60 ] 5 28 [1 POO/INT20/AN4
P61 [ 6 27 [] P43/AN3*
RST [ 7 26 [1 P42/AN2*
X0 [ 8 25 [ P41/AN1*
X1[] o9 24 [] P40/ANO*
Vss [] 10 23 [ p72*
P37/BZ/PPG [] 11 22 [ P71*
P36/INT12 [] 12 21 [ p7o*
P35/INT11 [] 13 20 [] P50/PWM
P34/TO/INT10 [] 14 19 [ P30/UCK/SCK
P33/EC [] 15 18 [ P31/U0/SO
c[—] 16 17 [ p32/u1/sI
* . Large-current drive type




B Pin Assignment of FPT-34P-M03

Figure 1.5-2 Pin Assignment of FPT-34P-M03
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PO4/INT24[ |
POS/INT25[ |
POG/INT26[ |
PO7/INT27[ |
Peo[___ |
Pe1[__ |
RST[_
xo[ |

xi[_|

vss [ |
P37/BZIPPG[___|
P36/INT12[ |
P35/INT11[ |
P34/TO/NT10[ |
P33/EC[__|

Ne [ |
c[]

10

11

12

13

14

15

16

17

34

33

32

31

30

29

28

27

26

25

24

23

22

21

20

19

18

| ] Vee

|| PO3/INT23/AN7
| ] PO2/INT22/AN6
] PO1/INT21/AN5
] POO/INT20/AN4
|| P43/ANS”

| 1] Pa2/aN2”
] P41/ANL”
1 Pao/ano*
] p72"
 Jpn
P70
INcC

] PSO/PWM
|1 P30/UCK/SCK
1 p3yuoiso

P32/U1/SI

*: Large-current drive

type

Note: N.C.: Do not use because it is connected internally.
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1.6

Package Dimensions

Two different packages are available for MB89202/F202RA series.
Figure 1.6-1 and Figure 1.6-2 show package dimensions.

m Package Dimension of DIP-32P-M06

10

Figure 1.6-1 Package Dimension of DIP-32P-M06

32-pin plastic SH-DIP Lead pitch 1.778 mm
Low space 10.16 mm
Sealing method Plastic mold
(DIP-32P-M06)
32-pin plastic SH-DIP Note 1) * : These dimensions do not include resin protrusion.
(DIP-32P-M06) Note 2) Pins width and pins thickness include plating thickness.
*28.00 530
(1.102 762
OO I rrrl

INDEX

S +8.89+0.25
(.350+.010)

UL I L L L L LT L

+0.30

1.02 0%
(040 “6as)
0.51(.020)
T MIN.
Tk
I 0.27:5%
5 (011763 [ 10.16(.400) |
1.27(.050) 1.778(.070, 0.4870% e
MAX. T Moz o1
Dimensions in mm (inches).
© 2003 FUJITSU LIMITED D320185-c-1-1 Note: The values in parentheses are reference values

Please confirm the latest Package dimension by following URL.
http://edevice.fujitsu.com/fj/DATASHEET/ef-ovpklv.html




m Package Dimension of FPT-34P-M03
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Figure 1.6-2 Package Dimension of FPT-34P-M03

Lead pitch

34-pin plastic SSOP

0.65 mm

Package width x
package length

6.10 x 11.00 mm

(FPT-34P-M03)

Lead shape Gullwing
Sealing method Plastic mold
Mounting height 1.45 mm MAX
(Re(?ec:gﬁce) P-SSOP34-6.1x11-0.65

34-pin plastic SSOP
(FPT-34P-M03)

*111.00+0.10(.433+.004)

Note 1) *1 : Resin protrusion. (Each side : +0.15 (.006) Max).
Note 2) #2 : These dimensions do not include resin protrusion.
Note 3) Pins width and pins thickness include plating thickness.
Note 4) Pins width do not include tie bar cutting remainder.

0.17+0.03

[T (.007x.001)

AHAAAHRAAAHRAAAHA

INDEX

*?6.10£0.10
(:240+.004) (:319+.008)

8.10+0.20

0.65(.0265)

0.24
(.009

i=[0.100004)]

© 2003 FUJITSU LIMITED F340038-¢-2-3

SRR M-

. ; 0-~8° ;G
1008 AT {//—*5 —
“or71€[0.10(004) @)
%) | 050£0.20 0.100.10
(.020+.008) (.004+.004)
| _0.60+0.15 (Stand off)
(.024+.006)

} Details of "A" part
I 1.25'3%
7 o0y (Mounting height)
} (.04975%)
I A
} 0.25(.010)

I =n
ﬁ ! |

|

|

|

|

|
L

Dimensions in mm (inches).
Note: The values in parentheses are reference values

Please confirm the latest Package dimension by following URL.
http://edevice.fujitsu.com/fj/DATASHEET/ef-ovpklv.html
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1.7 Pin Functions Description

Table 1.7-1 describes the I/O pins and functions.
The letters in the circuit type column shown in Table 1.7-1 correspond to the letters in
the Circuit Type column shown in Table 1.8-1 .

B Pin Functions Description

Table 1.7-1 Pin Functions Description (1/2)

Pin No. Pin Circuit .
. . name type Function
SHDIP32? | SSOP34°2
8 8 X0 A Pins for connecting the crystal for the main clock. To use an
9 9 X1 external clock, input the signal to X0 and leave X1 open.
56 56 P60, H/E General-purpose CMOS input port.
P61
7 7 RST C Reset I/0O pin.
This pin serves as an N-ch open-drain reset output and a reset input
aswell. Thereset is ahysteresisinput.
It outputsthe "L" signal in response to an internal reset request.
Also, itinitializes the internal circuit upon input of the "L" signal.
28,29 30, 31 POO/ G General-purpose CMOS |/O ports.
INT20/ These pins aso serve as an input (wake-up input) of external
AN4, interrupt 2 or as an 10-bit A/D converter analog input. The input of
POL/ external interrupt 2 is a hysteresisinput.
INT21/
ANS5
30,31 32,33 PO2/ G General-purpose CMOS |/O ports.
INT22/ These pins also serve as an input (wake-up input) of external
ANB, interrupt 2 or as an 10-bit A/D converter analog input. The input of
PO3/ external interrupt 2 is a hysteresisinput.
INT23/
AN7
1lto4 1lto4 P04/ D General-purpose CMOS I/O ports.
INT24 These pins also serve as an input (wake-up input) of external
to interrupt 2. The input of external interrupt 2 is a hysteresisinput.
PO7/
INT27
19 20 P30/ B General-purpose CMOS 1/0 ports.
UCK/ This pin also serves as the clock 1/0 pin for the UART or 8-hit
SCK serial 1/0. Theresourceis ahysteresisinput.
18 19 P31/ E General-purpose CMOS I/O ports.
UO/SO This pin also serves as the data output pin for the UART or 8-bit
serial 1/0.

12


RST pin in Table 1.7-1 is changed.



CHAPTER 1 OVERVIEW

Table 1.7-1 Pin Functions Description (2/2)

Pin No. Pin Circuit .
name type Function
SHDIP32'Y | SSOP3472
17 18 P32/Ul/ | B General-purpose CMOS |/O ports.
Sl This pin also serves as the datainput pin for the UART or 8-hit
serial 1/0. Theresource is a hysteresisinput.
15 15 P33/EC | B General-purpose CMOS 1/0 ports.
This pin also serves as the external clock input pin for the 8/16-bit
capture timer/counter. The resource is a hysteresis input.
14 14 P34/ B General-purpose CMOS 1/0 ports.
TO/ This pin also serves as the output pin for the 8/16-bit capture timer/
INT10 counter or asthe input pin for external interrupt 1. The resourceisa
hysteresisinput.
13 13 P35/ B General-purpose CMOS I/O ports.
INT11 These pins also serve as the input pin for external interrupt 1. The
resource is a hysteresis input.
12 12 P36/ B General-purpose CMOS |/O ports.
INT12 These pins aso serve as the input pin for external interrupt 1. The
resource is a hysteresisinput.
11 11 P37/ E General-purpose CMOS |/O ports.
Bz/ This pin also serves as the buzzer output pin or the 12-bit PPG
PPG output pin.
20 21 P50/ E General-purpose CMOS |/O ports.
PWM This pin also serves as the 8-bit PWM timer output pin.
241027 | 26t029 | P40/ F General-purpose CMOS 1/0 ports.
ANOto These pins can aso be used as N-ch open-drain ports.
P43/ These pins also serve as 10-bit A/D converter analog input pins.
AN3
21t023 | 23to25 | P70to E General-purpose CMOS 1/0 ports.
p72
32 34 Vee -- Power supply pin
10 10 Vgg - Power (GND) pin
16 17 C - M B89F202/F202RA:
Capacitance pin for regulating the power supply.
Connect an external ceramic capacitor of about 0.1uF
MB89202:
Thispinisnot internally connected. It is unnecessary to connect
a capacitor.
-- 16, 22 N.C. -- Internally connected pins
Be sureto leaveit open.

*1: DIP-32P-M06
*2 : FPT-34P-M03

13
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1.8 I/O Circuit Types

Table 1.8-1 describes the I/O circuit types.

The letters in the circuit column shown in Table 1.8-1 correspond to the letters in the

circuit type column shown in Table 1.7-1 .

m 1/O Circuit Types

Table 1.8-1 1/O Circuit Types (1/2)

Standby control signal

Types Circuit Remarks
A At an oscillation feedback resistance of
approximately 500 kQ

[x ] Jo—>>
AL

| X0 I ™
| .. o
4|>0__'§”

4l>o—l>07 Reset

B CMOS output
Hysteresis input
P-ch Pull-up resistor optional
}
P-ch
I—
I—
N-ch
Input enable Port / Resource
C At an output pull-up resistor (P-ch) of
P-ch with pull-up, not approximately 50 k€¥5.0 V
available for (not available for MB89F202/F202RA)
'IV'BSQFZOZI F202RA N-ch open-drain reset output
Dﬁ ! Hysteresis input
| High voltage input tolerable in MBO0F202RA
N-ch
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Table 1.8-1 1/O Circuit Types (2/2)

CHAPTER 1 OVERVIEW

Input enable ! )3 IDO Port

Types Circuit Remarks
D CMOS output
CMOS input
P-ch P H
f Hysteresis input (Resource input)
Pull-up resistor optional
P-ch
%
%
N-ch
Input enable;:DO—DH Port
Input enable Resource
E CMOS output
CMOS input
 P-ch Pull-up resistor optional
: P70 to P72 are large current drive type
P-ch
|—
|—
N-ch
Input enable:D)_DO_ Port
F CMOS output
CMOS input
P'Ch@ Open-drain control Analog input ] .
D_ N-ch open-drain output available
IN - P40 to P43 are large current drive type
-C
Analog input
Input enableﬁ—%%rt
A/D enable
G CMOS output
CMOS input
}P'Ch Hysteresis input (Resource input)
Analog input
P-ch
%
%
N-ch
Input enable —g Port
Input enable il Resource
Analog input
A/D enable
H CMOS input

15
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CHAPTER 2
HANDLING DEVICES

This chapter describes the precautions to be taken when
handling general-purpose one-chip microcontrollers.

2.1 Precautions on Handling Devices

17
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2.1 Precautions on Handling Devices

This section describes the precautions to be taken when handling the power supply
voltage, pins, and other device items.

B Precautions on Handling Devices

® Ensure that the voltage does not exceed the maximum ratings. (Preventing latch-up)

A latch-up may occur if avoltage higher than Vcc or lower than Vssis applied to input or output pins other
than middle- or high-level resistant pins, or if voltage exceeding the rated value is applied between Vcc and
Vss.

When a latch-up occurs, the supply current increases rapidly, occasionaly resulting in overheating.
Therefore, ensure that the voltage does not exceed the maximum ratings when using the microcontrollers.
@ Stabilize the supply voltage as much as possible

Although the specified Vcc supply voltage operating range is assured, a sudden change in the supply
voltage within the specified range may result in amalfunction.

The following stabilization guidelines are recommended: The Vcc ripple (P-P value) at the supply
frequency (50 Hz to 60 Hz) should be less than 10% of the typical Vcc value, and the transient fluctuation
rate should be lessthan 0.1 V/ms at the time of momentary fluctuation when switching the power supply.

@® Handling unused input pins
Leaving unused input pins open may result in a malfunction or equipment damage due to a latch-up.
Therefore, set these pins to pull-up or pull-down viaresistors of 2 kQ or higher.

@® Handling the N.C. pins

Ensure that the N.C. (internally connected) pins are opened before using.

@ Precautions on using an external clock
When an external clock is used, the oscillation stabilization wait time is also provided for power-on reset
and stop mode release.

@ Wild register function
Because wild registers cannot be debugged on MB89V201, check operation on an actua MB89F202/
F202RA.

@® Program execution on RAM

When MB89V 201 is used, a program cannot be executed on RAM.

18
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® Note to Noise in the External Reset Pin (RST)

If the reset pulse applied to the external reset pin (RST) does not meet the specifications, it may cause
malfunctions. Use caution so that the reset pulse less than the specifications will not be fed to the external
reset pin (RST).

@ External pull-up for the External Reset Pin (RST) of MB89F202/F202RA

Internal pull-up control for RST is not available for MB89F202/F202RA. To ensure proper externa reset
control in MB89F202/F202RA, an external pull-up (recommend 100 k<) for RST pin must be required.

For MB89F202RA only, high voltage must be applied to RST during flash memory program / erase. The
typical high voltageis10 V.
@ Step-down circuit stabilization time

The MB89202/F202RA series consists of the products listed in Table 2.1-1 "Pin Processing for the
Products with and without a Step-down Circuit". The operation characteristic depends on whether a product
contains a step-down circuit.

Table 2.1-1 Pin Processing for the Products with and without a Step-down Circuit

Product name

Operating voltage

Step-down circuit

MB89V 201 27V to55V Not contained
MB89202 22V tobh5V Not contained
MB89F202/F202RA 35Vto55V Contained

These products use the same internal resources. However, the operation sequence after power-on reset
depends on whether a product contains a step-down circuit. Figure 2.1-1 shows the sequence of operations
after the power-on reset for each model.
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Figure 2.1-1 Operation Sequences after Power-on Reset between Product Types

Power supply (Vec) / iStep-down circuit stabilization time (217/Fc) +
‘Oscillation stabilization wait time (218/Fcn) !

product with a step-down . |
circuit (MB89F202/F202RA)

EOsciIIation stabilization :
:ywait time (218/Fcp) :

/ \

=

CPU operation of

CPU operation of
product without a
step-down circuit
(MB89202 and MB89V201)

Start of CPU operation of Start of the CPU operation of
product without a step-down product with a step-down
circuit (reset vector) circuit (reset vector)

FcH: Main oscillation frequency

As shown in Figure 2.1-1 , the start of CPU operation of a product with a step-down circuit is slower than
that of the product without a step-down circuit. Thisis because time is required for the step-down circuit to
stabilize prior to normal operation of the step-down circuit.
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CPU

This chapter describes the functions and operations of
the CPU.

3.1 Memory Space

3.2 Dedicated Register

3.3 General-Purpose Registers

3.4 Interrupts

3.5 Reset

3.6 Clock

3.7 Standby Mode (Low-Power Consumption Mode)

3.8 Memory Access Mode
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3.1 Memory Space

The MB89202/F202RA series has 64-KB memory space that consists of the 1/O area,
RAM area, ROM area, and external area. Part of the memory space is applied for specific
use such as general-purpose registers or a vector table.

m Configuration of Memory Space

® |/O area (address: 00004 to 007Fy)

The control registers and data registers for built-in peripheral functions are assigned.

The I/O area is assigned as part of the memory space, thus access to the 1/0O area can be obtained in the
same manner as access to memory. Also, direct addressing provides high-speed access.

® RAM area
Static RAM is equipped as the internal data area.

The size of internal RAM depends on the model.

Direct addressing allows high-speed access to an area from 80y to FFy. (Some models restrict the usable
range of the area.)

100y to 1FFy can be used as the general-purpose register area

If areset occurs while datais being written into RAM, the data being written cannot be guaranteed.

® ROM area

ROM is equipped as the internal program area.
The size of internal ROM depends on the model.
FFCOy to FFFFy are usable as a vector table or another feature.
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® Memory Map

Figure 3.1-1 Memory Map

MB89V201 MB89202 MB89F202/F202RA
0000H 0000H 0000H
1/0 1/0 110

0080H 0080H 0080H

RAM 512 bytes RAM 512 bytes RAM 512 bytes
01001 0100H 01001

5 8 3

@ R 2]

(=] (@] (2]

Q [0} (0]

04 14 12
0200H 0200H 0200H
0280H 0280H 0280H

Not available

Not available Not available

8000H
COO0O0H COO0O0H
External EPROM
32 KB ROM 16 KB Flash 16 KB

FFFFH FFFFH FFFFH
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3.1.1 Specific-purpose Areas

In addition to the I/O area, the general-purpose register area and vector table area are
available as areas for specific applications.

B General-purpose Register Area (Address: 01004 to 01FFy)

» Thisareaisused for 8-bit arithmetic operations and transfer. Supplementary registers are provided.

« Sincethisareaisalocated to a part of the RAM area, it can aso be used as normal RAM.

« Whenthisareais used as a general-purpose register, it can be accessed faster using shorter instructions

by general-purpose register addressing.

For details, see Section "3.2.2 Register Bank Pointer (RP) " and Section "3.3 General-Purpose Registers ™.
m Vector Table Area (Address: FFCOy to FFFFy)

e Thisareaisused as vector tables of the vector call instructions, interrupts, and reset.

« Thisareais allocated to the highest ranges of the ROM area, and the start address of the corresponding
processing routine is set to the address of each vector table.

Table 3.1-1 provides the reference addresses in the vector table that correspond to the vector instructions,
interrupts, and reset.

For details, see Section "3.4 Interrupts ", Section "3.5 Reset ", and "CALLV #vct" in APPENDIX "B.2
Special Instructions .

Table 3.1-1 Vector Table (1/2)

Address in the vector table
Vector call instruction
Upper digits Lower digits
CALLV #0 FFCOy FFC1y
CALLV #1 FFC24 FFC34
CALLV #2 FFC4y FFC5y
CALLV #3 FFC64 FFC74
CALLV #4 FFC8y FFC9y
CALLV #5 FFCAY FFCBy
CALLV #6 FFCCy FFCDy
CALLV #7 FFCEY FFCF4
IRQF FFDCy FFDDy
IRQE FFDE, FFDF
IRQD FFEOy FFE1,
IRQC FFE2, FFE3y
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"■ General-purpose Register Area (address: 0100H to 01FFH)" is changed.


"■ Vector Table Area (Address: FFC0H to FFFFH)" is changed.
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Table 3.1-1 Vector Table (2/2)

Address in the vector table
Vector call instruction
Upper digits Lower digits

IRQB FFE4, FFESY
IRQA FFEG6 FFE7Y
IRQ9 FFE8, FFE9y
IRQ8 FFEAY FFEBy
IRQ7 FFECH FFEDy
IRQ6 FFEE FFEFy
IRQ5 FFFOy FFF1,
IRQ4 FFF2y FFF3y4
IRQ3 FFF4y FFF54
IRQ2 FFF6y FFF7y
IRQ1 FFF8y FFF9y
IRQO FFFAH FFFB
Mode data -* FFFDy
Reset vector FFFE FFFF

*: For MB89202 / MB89V 201, FFFCy, is prohibited. (Use "FF4".)
For MB89F202/F202RA, write "01y" to FFFCy to activate read protection,
otherwise write "FFy".
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3.1.2 Location of 16-bit Data on Memory

Upper digits of 16-bit data and stack data are stored in lower addresses on memory.

B 16-bit Data Storage State on RAM
When 16-bit data is written into RAM, the upper byte of the data is stored with a lower address and the
lower byte of the datais stored with the next address. 16-bit datais read in the same manner.

Figure 3.1-2 shows the location of 16-bit data on RAM.

Figure 3.1-2 Location of 16-bit Data on RAM

Before After

Memory Memory
0080H MOVW 0081H, A 0080H
0081 124 | 0081
A| 1234+ 81n A|1234n B1H
0082+ 34H | 0082H
0083H 0083H

B 16-bit Operand Storage State
When 16 bits are specified for operands in instructions, upper bytes are also stored in addresses close to
operation codes (instructions) and lower bytes are stored in the following addresses.

Operands that indicate memory addresses and 16-bit immediate data are handled in the same manner as
stated above.

Figure 3.1-3 shows the locations of 16-bit data in instructions.

Figure 3.1-3 Location of 16-bit Data in Instructions

[Example] MOV A, 5678H ; Extend address
MOV W A, #1234H ; 16-bit immediate data

@ Processed through assembler

XXXOH XX XX

XXX2H 60 56 78 ; Extend address
XXX5H E4 12 34 ; 16-bit immediate data

XXX8H XX

B 16-bit Data Storage State in Stack
The upper byte of data for a 16-bit register put in the stack due to an interrupt is also stored with a lower
address.
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3.2 Dedicated Register

The dedicated register in the CPU consists of a program counter (PC), two arithmetic
operation registers (A and T), three address pointers (IX, EP, and SP), and program
status (PS) register. The size of each register is 16 bits.

B Dedicated Register Configuration

The dedicated register in the CPU consists of seven 16-hit registers. Some registers alow only the lower 8
bits to be used.

Figure 3.2-1 shows the configuration of the dedicated register.

Figure 3.2-1 Configuration of Dedicated Register

Initial value 16 bits
FFFDw | PC | : Program counter
Indicates the current instruction stored position.
Undefined | A | Accumulator _ _ _ .
Temporary register that handles arithmetic operations and
) data transfer.
Undefined | T | ' Temporary accumulator
Handles arithmetic operations together with the accumulator.
Undefined | IX | ©  Index register
Indicates index address.
Undefined | EP | © Extra-pointer
Indicates memory address.
Undefined | SP | ©  Stack pointer
Indicates the current position in the stack.
Flag =0 | RP_| CCR |: Pprogram status register
IL1and ILO =11 ~ —~— ~ Stores the register bank pointer and condition code.
The other bits are undefined. PS

B Functions of the Dedicated Register

@® Program counter (PC)

The size of the program counter is 16 bits. It indicates the memory address at which the CPU is currently
handling an instruction. The program counter is updated with an instruction executed, interrupt, or reset.
Theinitial value specified after the reset operation is the mode data read address (FFFDy,).

@® Accumulator (A)

The accumulator is a 16-bit arithmetic operation register. It handles arithmetic operations or data transfer
using data on memory or data in another register such as temporary accumulator (T). The accumulator
dlowsdatain it to be used as aword (16 bits) or bytes (8 bits). When arithmetic operations or data transfer
is handled in the unit of a byte, only the lower 8 bits (AL) of the accumulator are used; the upper 8 bits
(AH) remain unchanged. The initial value specified after the reset operation is undefined.
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® Temporary Accumulator (T)

The temporary accumulator is an auxiliary 16-bit arithmetic operation register. It handles arithmetic
operations using data in the accumulator (A). When arithmetic operations in the accumulator (A) are
handled in word units (16 bits), datain the temporary accumulator is handled in word units. Otherwise, it is
handled in byte units (8 bits). When arithmetic operations are handled in byte units, only the lower 8 bits
(TL) in the temporary accumulator are used; the upper 8 bits (TH) are not used.

When an MOV instruction is used to transfer data into the accumulator (A), data stored in the accumulator
is automatically transferred to the temporary accumulator before it is transferred. For data transfer in byte
units, the upper 8 bits of the temporary accumulator (TH) does not change. The initial value of the
temporary accumulator specified after the reset operation is undefined.

@® Index register (1X)

The index register is a 16-bit register that stores an index address. The index register is used together with a
1-byte offset (-128 to +127). It generates a memory address for accessing data by adding a sign-extended
offset to the index address. The initial value of the index register specified after the reset operation is
undefined.

@® Extra-pointer (EP)

The extra-pointer is a 16-bit register. Data in the extra-pointer is handled as the memory address for
accessing data. Theinitial value of the extra-pointer specified after the reset operation is undefined.

@ Stack pointer (SP)

The stack pointer is a 16-bit register that stores an address that is used to call an interrupt or subroutine, or
to which a stack/recovery instruction makes a reference. While a program is being executed, the value of
the stack pointer indicates the address of the latest data put in the stack. The initial value of the stack
pointer specified after the reset operation is undefined.

@® Program status (PS) register
The program status is a 16-bit control register. The upper 8 bits of the program status register is the register
bank pointer (RP) used to indicate the address of a general-purpose register bank.

The lower 8 bits are the condition code register (CCR) that composes flags for indicating the CPU status.
Because these 8-bit registers comprise the program status register, they cannot be accessed. (Only
instructions MOVW A, PS and MOVW PS, A access the program status register.)

Note:

For details on how to use the dedicated register, see the FPMC-8L MB89600 Series Programming
Manual.
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3.2.1 Condition Code Register (CCR)

The condition code register (CCR) is the lower 8 bits of the program status register
(PS). The condition code register consists of bits (C, V, Z, N, and H) for indicating the
results of arithmetic operations or data to be transferred and control bits (I, IL1, and ILO)
for controlling the acceptance of interrupt requests.

m Configuration of the Condition Code Register (CCR)

Figure 3.2-2 Configuration of Condition Code Register

RP CCR
—
bit15 bit14 bit13 bit12 bit11 bitl0 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0O CCR initial value
PS[RAT R3] R2[ RIJTRO[ - [ - [ - T HT 1 [1a[I0] N[ Z [ VT C] xo11xxxxe
Half carry flag

Interrupt enable flag

Interrupt level bits

Negative flag

Zero flag

Overflow flag

Carry flag
X: Undefined

B Bits for Indicating Arithmetic Operation Results

® Half carry flag (H)

When a carry from bit3 to bit4 or a borrow from bit4 to bit3 occurs as a result of an arithmetic operation,
the half carry flag is set to "1". Otherwise, the half carry flag is cleared with "0". The half carry flag is
intended only for decimal adjustment instructions, and thus should not be used for operations other than
addition or subtraction.

® Negative flag (N)
When the highest bit becomes "1" as a result of an arithmetic operation, the negative flag is set to "1".
When it becomes"0", it is cleared with "0".

® Zero flag (2)
When the result of an arithmetic operation is "0", the zero flag is set to "1". Otherwise, the zero flag is
cleared with "0".

® Overflow flag (V)
When a complement on 2 overflow occurs as a result of an arithmetic operation, the overflow flag is set to
"1". Otherwise, the overflow flag is cleared with "0".

@® Carry flag (C)

When a carry from bit7 or a borrow to bit7 occurs as a result of an arithmetic operation, the carry flag is set
to"1". Otherwise, the carry flag is cleared with "0". The shift instruction causes the value to be shifted out.
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Figure 3.2-3 shows how the shift commands change the carry flag.

Figure 3.2-3 Change of the Carrier Flag by the Shift Commands

- Shift to the left (ROLC) - Shift to the right (RORC)

bit7 bitd bit7 ———————————>hit0

llllllllllllllll

Note:

The condition code register is part of the program status register (PS), and thusis not allowed to access
only the condition code register.

It is uncommon to fetch and use only some of the flag bits directly. Normally, branch instructions (such as
BNZ) or decimal adjustment instructions (such as DAA and DAS) use them indirectly. The initial values of
these flags specified after the reset operation are undefined.

m Bits for Controlling Acceptance of Interrupts

@ |Interrupt enable flag (1)

When thisflagis"1", interrupts are allowed and the CPU accepts interrupts.
When thisflag is"0", interrupts are prohibited and the CPU does not accept interrupts.
Theinitia value of the interrupt enable flag after the reset operation is"0".

Normally, the SETI instruction sets the interrupt enable flag to "1", and the CLRI instruction setsiit to "0"
to clear.

® Interrupt level bits (IL1 and ILO)

These bits indicate the level of an interrupt the CPU is accepting, then it is compared with the valuesin the
interrupt level setting registers (ILR1 to 4) which is specified as the level of interrupt requests of peripheral
functions (IRQO to IRQF).

When the interrupt enable flag is turned on (I = 1), and if an interrupt is requested with an interrupt level
value lower than that of these bits, the CPU accepts the interrupt. Table 3.2-1 provides interrupt level
intensities. Theinitial value of theinterrupt level specified after the reset operation is 11p.

Table 3.2-1 Interrupt Levels

IL1 ILO Interrupt level Intensity
0 0
0 1
1 0 2
1 1 3 Low (no interrupts allowed)

Note:

When the CPU is not handling an interrupt (handling the main program), the interrupt level bits (IL1
and ILO) are normally set to 115.

For details on interrupts, see Section "3.4 Interrupts".
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The register bank pointer (RP) is the upper 8 bits of the program status register (PS).
The register bank pointer indicates the general-purpose register bank address being
used, and the address is converted to the actual address in general-purpose register

addressing.

m Configuration of the Register Bank Pointer (RP)
Figure 3.2-4 shows the configuration of the register bank pointer.

Figure 3.2-4 Configuration of Register Bank Pointer

RP CCR
— —~ —~
bitl5 biti4 bitl3 bitl2 bitll bitl0 b9 bitd bi7 b6 bit5 bit4 bit3 bitt bitt b0  RPinial value
ps [Ra[mR[rRIRrR[rR[] -] -T-1TnH] 1 [wa]w|n]z]v]c]xooxxxxxe

X: Undefined

The register bank pointer indicates the address of the register bank being used. Figure 3.2-5 shows the rule

of conversion from the register bank pointer bits to the actual address.

Figure 3.2-5 Rule of Conversion from the RP Bits to the Actual Address

RP upper bits Lower hits of operation code
o o' o' 'o* 'o* o' or *" R4 _R3 _R2Z_RL RO "b2 bl bO ]
! l l l l l l l l l ! ! ! ! J J
g‘gﬁgﬁ;fed [ Al5 Al4 AI13 A12 ALl A0 A9 A8 A7 A6 A5 A4 A3 A2 Al AO |

The register bank pointer specifies a memory block (register bank) used as a general-purpose register in the
RAM area. There are 32 register banks. Setting a value (from 0 to 31) in the upper five bits of the register
bank pointer specifies aregister bank. One register bank contains eight 8-bit general-purpose registers that

are selected with the lower 3 bits of an operation code.

The register bank pointer allows arange of 01004 to 01FFy (maximum) to be used as the general-purpose

register area. However, some models restrict the usable range when only internal RAM is used. The initia
value of the register bank pointer specified after the reset operation is undefined.

Note:

Be sure to set up the register bank pointer (RP) before using general-purpose registers.

The register bank pointer is part of the program status register (PS), and thus is not alowed to access

only the register bank pointer.
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3.3 General-Purpose Registers

The general-pu

rpose registers are memory blocks. Eight 8-bits comprise a bank.

The register bank pointer (RP) specifies a register bank.

Although up to

32 banks can be used, some banks can be expanded onto external RAM

if the capacity of internal RAM is not sufficient for all 32 banks.

The general-pu
subroutine call

rpose registers are effective for processing interrupts, vector calls, or
S.

m Configuratio

Fig

n of the General-purpose Registers

Each general-purpose register consists of 8 hits. The general-purpose registers are placed in the register
banks at the general -purpose register area (on RAM).

One bank contains eight registers (RO to R7), and up to 32 banks can be used. However, some models
restrict the number of usable banks when only internal RAM is used.

The register bank pointer (RP) specifies the register bank being used. The lower three bits of an
operation code indicate general-purpose register O (RO) to general-purpose register 7 (R7).
ure 3.3-1 shows the configuration of the register banks.

Figure 3.3-1 Configuration of Register Bank

100x* RO | 000 ") \
R1 001
R2 010
R3 011
R4 | 100 | BankO
R5 101 (RP=00000---B)
R6 110
R7 111 <
1084* RO 000
R1 001 32 banks (on the RAM area)
) Bank 1 The number of usable banks
. : (RP=00001---8) is dependent on the size
R7 111 ) of the usable RAM area.
Bank 2
to
Bank 30
1F8* RO 000
: . Ban 31
(RP=11111---8)
1FF | R7 | 111 )
*. Address at the top of the register banks = 01004 + 8 x (upper 5 bits of RP)

For
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B Features of the General-purpose Registers

The general -purpose registers have the following features:
« High-speed access with short instructions (general -purpose register addressing)
* Register banks (in blocks) that allow datato be easily conserved and partitioned in the unit of function

The genera-purpose registers allow specific register banks to be statically assigned with the interrupt
processing routine or vector call (CALLV #0 to #7) processing routine. For example, it can be used such
that the fourth register bank is always used for the second interrupt.

For interrupts, unless data in a specific register bank that corresponds to an interrupt processing is
incorrectly overwritten by another routine, simply specifying the specific register bank at the beginning of
the interrupt processing routine stores the data contained in the genera-purpose registers before
interruption. This feature allows data in general-purpose registers to avoid being put in the stack and allows
interrupts to be handled efficiently at high speed.

For subroutine calls, in addition to conservation of data in general-purpose registers, the register banks can
implement re-entrant programs (reloadable programs with variable addresses unfixed) that are usually
created using the index register (1X) or another function.

Note:

A program must be created so that the values of the interrupt level bits in the condition code register
(CCR: IL1 and ILO) do not change when the register bank pointer (RP) is rewritten to specify a register
bank in the interrupt processing routine.
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3.4 Interrupts

The MB89202/F202RA series supports 12 interrupt request inputs corresponding to
peripheral functions and allows an interrupt level to be assigned to each of the inputs.
The interrupt controller compares levels of interrupts generated by peripheral functions
when output of interrupt requests is allowed for peripheral functions. The CPU performs
the interrupt operation according to its interrupt acceptance settings. The CPU cancels
standby mode on reception of an interrupt request, then returns to the interrupt
operation or normal operation.

m Interrupt Requests from Peripheral Functions
Table 3.4-1 lists the interrupt requests that correspond to peripheral functions. When the CPU accepts an
interrupt, the CPU takes a branch to the interrupt processing routine using the address in the interrupt
vector table corresponding to the interrupt request as the branch address.
The interrupt level setting registers (ILR1, 2, 3, and 4) allow one of four interrupt processing intensities to
be assigned to each interrupt request.
Interrupt requests with levels equal to or less than that of an interrupt request being handled in the interrupt
processing routine are usually handled after the current interrupt processing routine ends. If interrupt
reguests with the same assigned level are generated simultaneously, IRQO has priority.

Table 3.4-1 Interrupt Requests and Interrupt Vectors (1/2)

Asg(r:'teosrstrbfge Names of bitsin | Priority at
Interrupt request the interr.upt identical level (at
Upper | Lower | B SR | S ceumence)
digits digits
IRQO (External interrupt INT10) FFFAH FFFBY LO1, L0OO High
IRQ1 (External interrupt INT11) FFF8 FFFO9y L11,L10 A
IRQ2 (External interrupt INT12) FFF6 FFF7Y L21,L20
IRQ3 (8/16-hit capture timer/counter’s timer) FFF4y FFF54 L31,L30
IRQ4 (8/16-hit capture timer/counter’s capture) FFF2, FFF34 L41,L40
IRQ5 (Transmission with UART) FFFOy FFF1, L51, L50
IRQ6 (Reception with UART) FFEE, | FFEF, L61, L60
IRQ7 (Time-base timer) FFECH FFEDy L71,L70
IRQ8 (A/D converter) FFEAHL FFEBH L81,L80
IRQ9 (8-bit PWM) FFE8, | FFE9, L91, L90 \/
IRQA (External interrupt 2) FFE6y, | FFE7, LAL, LAO Low
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Table 3.4-1 Interrupt Requests and Interrupt Vectors (2/2)

CHAPTER 3 CPU

Interrupt request

Address in the
vector table

Names of bits in
the interrupt

Priority at
identical level (at

level setting simultaneous
Upper Lower registers occurrence)
digits digits 9
IRQB (Flash interface) FFE4y, FFES5 LB1,LBO High
IRQC (8-hit serial 1/0) FFE2, FFE3y LCL, LCO
IRQD (Unused) FFEOH FFE1, LD1,LDO
IRQE (Unused) FFDEY FFDFy4 LE1, LEO
IRQF (Unused) FFDCH FFDDy LF1, LFO Low
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3.4.1

Interrupt Level Setting Registers (ILR1 to ILR4)

For the interrupt level setting registers (ILR1, 2, 3, and 4), 16 two-bit data items
corresponding to interrupt requests sent from peripheral functions are assigned.
Interrupt levels can be specified in these 2-bits (interrupt level setting bits).

m Configuration of the Interrupt Level Setting Registers (ILR1 to ILR4)

Figure 3.4-1 Configuration of Interrupt Level Setting Register

Register Address  bit7  bit6  bit5  bitd bit3  bit2  bitl bit0
ILRL 0078+ | 131 | 30| L21 | 20| 11| L10 | Lo1 | Loo |
W w w w w w W W

ILR2  oo7ch | L71| L7o| 161 | Leo | 51| 1so | r41| Lao |
w W W W W w W w

ILR3  007DH | LB1| LBO| LAL| LAO| Lo1 | Loo | L81 | Lso |
W W W W W W w W

ILR4 007EW | LF1| LFO| LE1| LEO| LD1| LDO| LC1| LCO|
w W W w W W W W)

W: Write only

(Initial value)
111111118

111111118

111111118

111111118

For each interrupt request, 2 bits of the interrupt level setting registers are assigned. The values specified in
the interrupt level setting registers are the intensities for processing the interrupts (interrupt levels 1 to 3).

Interrupt level setting bits are compared with interrupt level bits in the condition code register (CCR: 1L1

and ILO).

When interrupt level 3 is specified, the CPU does not accept interrupt requests.

Table 3.4-2 provides the relationship between interrupt level setting bits and interrupt levels.

Table 3.4-2 Relationship between Interrupt Level Setting Bits and Interrupt Levels

36

LOlto LF1 LOO to LFO Requested interrupt level Priority
0 0 High
1
0 1
1 0 2
1 1 3 Low (no interrupt)
Notes:

¢ When the main program is being executed, the interrupt level bits in the condition code register

(CCR: IL1and ILO) are normally set to 11p.

¢ ThelLR1to ILR4 registers are write-only enabled, and thus the bit manipulation instructions (SETB

and CLRB) cannot be used.
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3.4.2 Steps in the Interrupt Operation

When an interrupt request is generated in a peripheral function, the interrupt controller
notifies the CPU of its interrupt level. If the CPU can accept an interrupt, the CPU
temporarily stops the program that is handling and starts the interrupt processing
routine.

W Steps in the Interrupt Operation

The steps for processing an interrupt are: occurrence of a source of an interrupt in a peripheral function,
designation of the interrupt request flag bit (request F/F), check on the interrupt request enable bit (enable
F/F), check on the interrupt level (ILR1, 2, 3, or 4, and CCR: IL1 and IL0), check on another request with
the same level, and check on the interrupt enable flag (CCR: I).

Figure 3.4-2 shows the stepsin the interrupt operation.

Figure 3.4-2 Steps in the Interrupt Operation

Main Interrupt
§ psl | N rogram processing
routine
© i . Updateof IL .
g OpLeJrr?i?on | | Cfancellanon poaleo
2 - of a reset PC and
€ L<| Check|—{ Com Request
= @I_ parator | | PS saéad clegre "G
MB89202 CPU | @ |
@ Initial setting|  creet Interrupt
for interrupt P | 9
© nAl ] S@ | PC and PS
: s restore
- 8 Execution |
Enabl || £ |Interrupt of main ©)
R 8 |controller| | program Oceur- RETI
Source | | AND ®— e interrupt
FIF g
® © PC and PS
— Peripheral Stored

@ After areset, al interrupt requests are prohibited.
Initialize the peripheral functions that generate interrupts using a initialization program for peripheral
functions, specify interrupt levels in the interrupt level setting registers (ILR1 to ILR4) concerned, then
start up the peripheral functions.

Interrupt levels 1, 2, and 3 can be specified. Level 1 is the highest level, and level 2 is the second
highest level. Level 3 prohibits interrupts from the peripheral functionsto which it is assigned.

@ Run the main program. (For a multiple-interrupt, run the interrupt processing routine.)

® When a peripheral function generates a source of an interrupt, the interrupt request flag bit for
periphera function (request F/F) is set to "1". If the interrupt request enable bit for a peripheral function
isturned on (enable F/F = 1) at that time, an interrupt request is output to the interrupt controller.

37



CHAPTER 3 CPU

@

The interrupt controller is always monitoring interrupt requests from peripheral functions. The interrupt
controller notifies the CPU of the highest interrupt level interrupt among levels corresponding to
interrupt requests currently generated. If different requests are made with the same interrupt level, the
interrupt controller also determines their priorities.

The CPU checks the value in the interrupt enable flag (CCR: I) when the priority of the interrupt level
that is received is higher (the level value is lower) than the level specified in the interrupt level bitsin
the condition code register (CCR: IL1 and ILQ). The CPU then accepts the interrupt when the enable
flag isturned on (CCR: | = 1).

Put the values in the program counter (PC) and program status (PS) in the stack, fetch the start address
of the interrupt processing routine from the interrupt vector table concerned, change the value of the
interrupt level bits in the condition code register (CCR: IL1 and ILO) to the value of the interrupt level
accepted, and then start the interrupt processing routine.

Finally, restore the values of the program counter (PC) and program status (PS) put into the stack with
the RETI instruction, then execute an instruction following the instruction executed immediately before
the interruption.

Standby mode (low-power consumption mode) is cancelled by an interrupt. For details, see Section "3.7
Standby Mode (Low-Power Consumption Mode) ".

Notes:
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e An interrupt request flag bit for a peripheral function is not automatically cleared even if the
interrupt request is accepted. Therefore, it is necessary to clear the bit using a program in the
interrupt processing routine (by writing "0" into the interrupt request flag bit normally).

« Clearing an interrupt request flag bit at the beginning of the interrupt processing routine alows the
peripheral function that generated the interrupt to re-generate an interrupt (set an interrupt request
flag bit again) while the interrupt processing routine is being executed. However, the re-generated
interrupt is normally accepted after the interrupt processing routine ends its current cycle.
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3.4.3 Multiple Interrupts

Multiple interrupts are allowed by setting different levels into the interrupt level setting
registers (ILR1 to ILR4) for multiple interrupt requests from peripheral functions.

m Multiple Interrupts
When an interrupt request with a higher interrupt level is generated while the interrupt processing routineis
operating, the current interrupt processing cycle is stopped to accept the higher-level interrupt request.
Interrupt levels 1, 2, and 3 can be specified. Level 3 prohibits the CPU from accepting interrupts.

@® Example of multiple interrupts

As an example of multiple-interrupt processing, suppose a case in which a timer interrupt has precedence
using the A/D interrupt, and the A/D interrupt level is set to level 2 and the timer interrupt level is set to
level 1. Figure 3.4-3 shows the sequence performed when an external interrupt is generated while an A/D
interrupt is being processed.

Figure 3.4-3 Example of Multiple Interrupts

i A/D interrupt Timer interrupt
Main |p rogram processing processing
Initializes

Interrupt
peripherals @ IInterrupt

level 1
evel 2

® Timer interrupt

generated @ Timer interrupt

processed

top

A/D interrupt
generated CT)/ process-
ing
Resumes 44—
processing I _ Return from
® A/D interrupt ® timer interrupt
processed processing
Main |
program
testarts @ Return from A/D

interrupt processing

¢ In the A/D interrupt processing, the interrupt level bits in the condition code register (CCR: IL1 and
ILO) are set to the same value as the value in the interrupt level setting register corresponding to the A/
D interrupt (ILR1, 2, 3, or 4) (i.e,, 2 in thisexample). If an interrupt request with a higher interrupt level
specified is generated (1 in this example), processing for the higher interrupt level is effected first.

e To temporarily prohibit multiple interrupts in the A/D interrupt processing, turn off the interrupt enable
flag (CCR: | = 0) in the condition code register, or set 00g to the interrupt level bits (IL1 and ILO).

< Executing the return instruction (RETI) after interrupt processing restores the values of the program
counter (PC) and program status (PS) and ensures resumption of the interrupted program.

e The value in the condition code register (CCR) is returned to the value used before interruption when
the program status (PS) value is restored.
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3.4.4

Interrupt Processing Time

From when an interrupt request is generated to when control is transferred to the
interrupt processing routine, both the time to quit the instruction being executed and
the time to manage the interrupt (required to prepare interrupt processing) are required.

The to

tal time must be within 30 instruction cycles.

H Inte
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rrupt Processing Time

From when an interrupt request is generated and accepted to when the interrupt processing routine starts,
sufficient timeis required to wait for an interrupt request sample and to manage the interrupt.

@® Interrupt request sample wait time

Generation of an interrupt request is checked by sampling an interrupt request at the last cycle of each
instruction. Therefore, the CPU cannot identify an interrupt request while it is executing an instruction. The
wait time becomes maximum when an interrupt request is generated immediately after the CPU executes
the DIV U instruction (21 instruction cycles) with the longest instruction cycle.

@ |Interrupt handling time

After accepting an interrupt, the CPU needs 9 instruction cycles for interrupt processing preparation to:
e Savethevauesin the program counter (PC) and program status (PS)

« Set the address at the beginning of the interrupt processing routine (interrupt vector) into the PC

» Update the interrupt level bits (PS: CCR: IL1 and ILO) in the program status (PS).

Figure 3.4-4 shows the interrupt processing time.

Figure 3.4-4 Interrupt Processing Time

Execution of . Interrupt processing
CPU performs — | _ general instruction Interrupthandling | rotine
d=D
e Bl : L
Interrupt wait _, . Interrupt request | Interrupt handling time
time . sample wait time | (9 instruction cycles)

! Interrupt request is generated

4= : Last instruction in which an interrupt is sampled

When an interrupt request is generated immediately after the DIVU instruction having the longest
instruction cycle (21 instruction cycles), 30 instruction cycles (21 instructions + 9 instructions) are required
for the interrupt processing time. However, if the DIVU instruction and MULU instruction are not used in
the program, a maximum of 15 (6 instructions + 9 instructions) instructions are required for the instruction
processing time.

Aninstruction cycle is changed by clock speed switching (gears). For details, see Section "3.6 Clock .



3.4.5 Stack Operation at Interrupt Processing
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This section describes how values in registers are saved and restored at interrupt

processing.

m Stack Operation at the Beginning of Interrupt Processing

After accepting an interrupt, the CPU automatically saves the values in the program counter (PC) and
program status (PS) in the stack.

Figure 3.4-5 shows the stack operation at the beginning of interrupt processing.

Figure 3.4-5 Stack Operation at the Beginning of Interrupt Processing

Immediately before
interruption

Address

Ps [ 0870H 83;8:
PC | EOOOH 83;&3
SP| 02801 ™ 0280H

0281H

Memory

XXH

XXH

XXH

XXH

XXH

XXH

S

Immediately after

interruption
Address
SP|027CH 027CH
027DH
PS| 0870 83;5:
PC 0280H
EO0O0H 02814

Memory

08H

70H

PS

EOnH

00y

}Pc

XXH

XXH

m Stack Operation at the End of Interrupt Processing

When the return instruction (RETI) is executed at the end of interrupt processing, the values in the program
status (PS) and the program counter (PC) are restored from the stack in that order (which is opposite to that

at the beginning of interrupt processing). This operation restores the values in the PS and PC to those
values used before interruption.

Note:

Values in the accumulator (A) and temporary accumulator (T) are not automatically saved in the stack.
Therefore, save and restore the values using the PUSHW and POPW instructions.
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3.4.6 Stack Area for Interrupt Processing

A stack area on RAM is used for interrupt processing. The value in the stack pointer
(SP) is used as the start address of the stack area.

m Stack Area for Interrupt Processing

The stack areais used to save/restore the value in the program counter (PC) when executing the subroutine
call instruction (CALL) or vector call instruction (CALLV) or temporarily save and restore values in
registers or other storage with the PUSHW and POPW instruction.

« Locate the stack area on RAM together with the data area.

« It is recommended that the initial settings be specified such that the stack pointer (SP) indicates the
highest address of RAM and that the data area be set up from the lowest address of RAM.

Figure 3.4-6 is an example showing the stack area.

Figure 3.4-6 Stack Area for Interrupt Processing

0000H
I/0
Data area 0080H
RAM
General- :
purpose :
Stack register :
v < Value recommended for SP
0280H (When the highest RAM address
is 027FH)
Access
prohibited
ROM
FFFFH

Note:

For the stack area, interrupts, subroutine calls, or PUSHW instruction use addresses in descending
order, and the return instructions (RETI and RET) or the POPW instruction releases addresses in the
stack area in ascending order. When a lower address is used in the stack area due to multiple interrupts
or subroutine calls, make arrangements so that the stack area does not overlap with the data area and
general-purpose register area containing other data.
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There are four sources of reset:

External reset
Software reset
Watchdog reset
Power-on reset

Oscillation stabilization wait time is not applied in some operating modes when a reset
occurs or in some option settings.

B Reset Sources

Table 3.5-1 Reset Sources

Reset source Reset condition
External reset The external reset pinis"L" level.
Software reset ROST|)s written into the software reset hit in the standby control register (STBC:
Watchdog reset The watchdog timer overflows.
Power-on reset Power is turned on.

@® External reset

External reset occurs when "L" level isinput to the external reset pin (RST). When the reset pin becomes
"H" level, the external reset is cancelled.

For external reset when power is turned on or in stop mode, the reset operation is performed after
oscillation stabilization wait time is up or the external reset is cancelled.

The external reset pin functions as the reset output pin in accordance with option settings.

@® Software reset

Software reset generates a 4-instruction cycle reset by writing "0" into the software reset bit in the standby
control register (STBC: RST). Software reset does not wait until oscillation stabilization wait time has

expired.

@® Watchdog reset

Watchdog reset generates a 4-instruction cycle reset when no data is written into the watchdog control
register (WDTC) within a specified time after the watchdog timer is activated. Watchdog reset does not
walit until oscillation stabilization wait timeis up.
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@® Power-on reset
Power-on reset occurs when power is turned on. Power-on reset occurs after oscillation stabilization wait
time has expired.
Power-on reset requires an external reset circuit.
B Reset Sources and Oscillation Stabilization Wait Time
Operationsin oscillation stabilization wait time depend on the operating mode used when a reset occurs.

After areset, active mode is set regardliess of the operating mode applied before the reset (standby mode)
and reset source. Therefore, if a reset occurs while oscillation is being stopped or within the oscillation
stabilization wait time, the oscillation stabilization wait reset mode is set.

Software reset and watchdog reset do not apply oscillation stabilization wait time.
Table 3.5-2 shows the relationship between reset sources, oscillation stabilization wait time, and the reset
operation (mode fetch).

Table 3.5-2 Relationship between the Reset Sources and Oscillation Stabilization Wait Time

Reset source Operating mode Reset operation and oscillation stabilization wait time
al * X\ﬁa %al\:)errsltso The reset operation is performed when external reset is cancelled after
External reset P oscillation stabilization wait time has expired.
mode
Software reset and Active mode The reset operation is performed following the generation of a 4-
watchdog reset instruction cycle reset.
Power-on reset When power is The reset operation is performed after power isturned on and
turned on oscillation stabilization wait time has expired.

* External reset in active mode does not apply oscillation stabilization wait time. The reset operation is performed after
cancellation of external reset.
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3.5.1 Reset Flag Register (RSF

R)
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The reset flag register (RSFR) allows confirmation of the source for a generated reset.

m Configuration of the Reset Flag Register (R

SFR)

Figure 3.5-1 Configuration of Reset Flag Register (RSFR)

Address pit7  bite bits5 bit4 bit3 bit2 bitl bit0 Initial value
000EH [PoNR|ersT|wpog|sFTR| — | — | — [ — | XXXX---B
R R R R
SETR Software reset flag bit '
When read When written
0 _ Does not affect
1 The source is software reset. | operations
Watchdog reset flag bit
WDOG When read When written
0 — Does not affect
1 The source is watchdog reset. | OPerations
External reset flag bit
ERST -
When read When written
0 — Does not affect
1 The source is external reset. | operations
PONR Power-on reset flag bit
When read When written
0 _ Does not affect
1 The source is power-on reset. | ©Perations
R : Read only
— : Unused
X 1 Undefined

45



CHAPTER 3 CPU

Table 3.5-3 Explanation of Functions of Each Bit in the Reset Flag Register (RSFR)

Bit name Description
PONR: "1" is set to this bit when power-on reset occurs.
bit7 Povver-on reset fl "1" is set to this bit after power isturned on.
b & | Thisbit s cleared with "0" after being read.
Writing a value to this bit has no significance.
"1" is set to this bit when external reset occurs.
ERST: "1" is set to this bit while other reset flags are maintained when al
hit6 Exterﬁal reset flag bit other reset flags have been set before the external reset flag is set.
« Thishbit is cleared with "0" after being read.
Writing a value to this bit has no significance.
"1" is set to this bit when watchdog reset occurs.
WDOG: "1" is set to this bit while other reset flags are maintained when all
bit5 Weatchdog reset flag other reset flags have been set before the watchdog reset flag is set.
bit Thisbit is cleared with "0" after being read.
Writing a value to this bit has no significance.
"1" is set to this bit when software reset occurs.
SFTR: "1" is set to this bit while other reset flags are maintained when all
bit4 Software reset flag other reset flags have been set before the software reset flag is set.
bit Thishit is cleared with "0" after being read.
Writing a value to this bit has no significance.
bit3 .
to Unused bits The values read out are undefined.
bit0 Writing data to these bits does not affect operations.
Note:
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A reset source flag is set when areset source is generated. When the reset source flag register isread, all
bits in the reset source flag register are cleared. Therefore, to determine the source of areset, read this

register using the initial value setting routine after the reset.
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3.5.2 External Reset Pin

The external reset pin generates areset by "L" level input. When an option setting for
enabling reset output is selected, the "L" level signal is output depending on the
internal reset source.

B Block Diagram of External Reset Pin

The external reset pin (RST) on models with supported reset output has hysteresis input and pull-up N-ch
open drain output.

The external reset pin on models without supported reset output is used only as the pin dedicated to reset
input.

Figure 3.5-2 isablock diagram of the external reset pin.

Figure 3.5-2 Block Diagram of External Reset Pin

Pull-up resistor
Approx. 50kQ for 5V
(Not available for
MB89F202) P-ch
Pin }_‘ Internal reset source
RST }J
N-ch
'l> Internal reset signal

B Function of the External Reset Pin
The external reset pin (RST) generates an internal reset signal by making use of "L" level input.

The RST outputsthe "L" level signal according to the internal reset source and oscillation stabilization wait
time applied following a reset. The internal reset source may be software reset, watchdog reset, or power-
on reset.

Note:
External reset input is accepted asynchronously regardless of the internal clock.

Initialization of the internal circuits requires a clock. In particular, for operations with an external clock,
the clock must be input when areset signal isinput.

Internal pull-up control for RST is not available for MB89F202/F202RA. To ensure proper external
reset control in MB89F202/F202RA, an external pull-up (recommend 100 k<) for RST pin must be
required.

47



CHAPTER 3 CPU

3.5.3 Reset Operation

The CPU reads the mode data (mode fetch) and reset vector from internal ROM
according to the mode pin settings following the cancellation of a reset. For a return
triggered by a reset when power is turned on and in stop mode, the CPU fetches the
mode after oscillation stabilization wait time has expired. When a reset occurs, the
contents in RAM cannot be guaranteed.

m Overview of the Reset Operation

Figure 3.5-3 Reset Operation Flow

Being reset

Mode fetch
(reset operation)

Normal operation
(RUN mode)

Software reset External reset input | | Power-on reset
Watchdog reset

Power-on
reset selected?

NO

- When power
is turned on or in stop
mode?

YES
State of reset wait- State of reset wait- State of reset wait-
ing for stabilization ing for stabilization ing for stabilization
of oscillation of oscillation of oscillation

External reset

state cancelled?
NO

YES

| Mode data fetch |

| Reset vector fetch |

Instruction code fetched from the address that
indicates the reset vector; the instruction is then
executed.
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B Mode Fetch
The CPU reads the mode data and reset vector from internal ROM following the cancellation of the reset.

® Mode data (address: FFFDy)

Set single-chip mode (00 to the mode data.

® Reset vector (address: FFFEy (highest)/FFFFy (lowest))

Specify the address at which execution is to be started after the reset operation is completed. The CPU
starts executing instructions from the specified address.

B State of Reset Waiting for Stabilization of Oscillation

The CPU performs a reset operation for a reset when power is turned on or an external reset in stop mode
when the oscillation stabilization wait time specified with option settings has expired. In this case, if the
external reset input is not cancelled, the CPU performs the reset operation following cancellation of the
external reset.

When an external clock is used, oscillation stabilization wait time is applied, and thus input of an external
clock isrequired at areset.

The time-base timer generates oscillation stabilization wait time.

B Influence from a Reset of Contents in RAM

When reset conditions occur, the CPU stops handling the current instruction, then enters the reset state. The
contents in RAM does not change even after a reset. However, if a reset occurs while 16-bit data is being
written, the upper byte (only) is written; the lower byte may be unwritten. If a reset occurs immediately
after, immediately before, or while data is written, the contents in the address to which data is written at
that timeis not guaranteed.
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354 State of Each Pin at Reset

The state of each pin is initialized by a reset.

W States of Pins during Reset

When a reset occurs, most 1/0 pins (resource pins) become Hi-Z, and the CPU reads the mode data from
internal ROM.

m States of Pins after the CPU Reads the Mode Data
Most of the I/O pins remain Hi-Z immediately after the CPU reads the mode data.

For pin states established by something other than a reset, see "APPENDIX E Pin State of the MB89202/
F202RA Series" for details.

Note:

For pins that are Hi-Z when areset source is generated, set up the devices connected with the pins such
that they do not malfunction.
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3.6 Clock

The clock generator includes the oscillation circuit. A high-speed clock is generated by
connecting an external resonator for oscillation frequency. Alternatively, when the
clock is supplied from an external source, a clock signal can be connected to the clock
input pin.

The clock controller manages the speed and supply of the clock in active mode and
standby mode.

m Clock Supply Map

The clock controller manages oscillation of the clock and provision of the clock to the CPU and peripheral
circuits (periphera functions). Thus, the operating clock for the CPU or peripheral circuits is affected by
clock speed switching (gears) and setting in standby mode (sl eep/stop).

To peripheral functions, a divided frequency output of the free-run counter operating with the clock for
peripheral circuitsis provided.

However, the divided frequency output of the time-base timer operating with 1/2 frequency of the
oscillation frequency is not affected by the gear.

Figure 3.6-1 shows the clock supply map.
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Figure 3.6-1 Clock Supply Map

1)
———> Watchdog timer |
. (*2)

X0 pin [~ Fen (*3) 7 : :
Oscillation 12 T base fimer / 8_/16—b|t capture EC pin
circuit frequency timer/counter TO pin

X1 pin &

(*2)
Stop mode G} 8-bit PWM timer >|I PWM pin
Clock controller /
——— (*4)
1/4 frequency 1O Gears é:c?r?\}igr‘é%hs ?
Oscillation | |1/8 frequency O ggm’lar}g%uns A/D converter 7/ m
control 1/16 frequency O Conversion/
1/64 frequency— P A2 *2)
UART  |sf UART
L prescaler UCK/SCK pin
Sleep, stop, oscillation -
stabilization wait Suoplied 2| U0/S0 pin
upplied to :} le> UI/SI pin
—E Eie CPU _bit seri
N — 7 8-bit serial I/0 Z
1tINST 4
Stop Supplied t0 / Buzzer
—@ peripheral circuits
—B| B 4 (*2)
v 12-bit PPG PPG pin
1tINST
(*2)
*2) . 3 -
External interrupt 1 INT1 pin
(*2
) 8 |
External interrupt 2 INT2 pin
(1)
Oscillation
stabilization
wait time
Fcy  : Oscillation frequency
tinst : Instruction cycle
*1  : Not affected by the gear.
*2 . The gear affects the operating speed or other settings.
*3 . The time-base timer stops when the oscillation frequency clock halts.
*4  : Output of the time-base timer is selectable when the A/D converter is activated continuously.

Other operations are affected by the gear.
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3.6.1 Clock Generator

The clock generator enables oscillation in active mode and disables oscillation in stop
mode.

m Clock Generator

@ For a crystal resonator or ceramic resonator

Connect it as shown in Figure 3.6-2 .

Figure 3.6-2 Example of Connecting a Crystal Resonator or Ceramic Resonator

MB89202/F202RA series

Oscillation circuit
X0 X1

HiH
T

Connect it to the X0 pin and open the X1 pin as shown in Figure 3.6-3 .

@® For an external clock

Figure 3.6-3 Example of Connecting an External Clock

MB89202/F202RA series

Oscillation circuit
X0 X1

Open
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3.6.2

Clock Controller

The clock controller consists of the following six blocks:

Oscillation circuit
System clock selector
Clock controller

Oscillation stabilization wait time selector
System clock control register (SYCC)
Standby control register (STBC)
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Block Diagram of Clock Controller
Figure 3.6-4 is ablock diagram of the clock controller.

Figure 3.6-4 Block Diagram of Clock Controller

Standby control register (STBC)

System clock selector

[STPTSIP[SPL [RST[ — [ — [ — [ —1]
Pin control
Stop
Sleep
—@ Erlﬁgrk for time-base

=

tinsT - Instruction cycle

Fen  : Oscillation frequency

System clock control register (SYCC)

Pre_sca|er > Supphed to the CPU
1/4 frequency > Clock
Czla?]Cekrator 1/8 frequency [—>| Selector control 1t
9 1/16 frequency [~ circuit INST
1/64 frequency [ > Supplied to peripheral
circuits
1tnsT
14 Oscillation
From the | 2 P stabilization
time-base | 2 /Fey—>|wait time
timer 28k, —>{selector
[ScM[ — [ — [wra[wTto] — [CS1[CS0]
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Oscillator

Oscillation circuit that halts oscillation in stop mode.

System clock selector

Selects one of four frequency-divided source clocks to be supplied to the clock control circuit.

Clock controller

Controls the operating clock supplied to the CPU and peripheral circuits according to the active (RUN)
mode and standby mode (sleep, stop).

It aso stops supply of the clock to the CPU until the clock supply stop signal for the oscillation
stabilization wait time selector is cancelled.
Oscillation stabilization wait time selector

Selects one of three oscillation stabilization wait time periods generated by the time-base timer according to
the standby mode or a reset, then outputs the clock supply stop signal to the CPU by using the selected time
period.

System clock control register (SYCC)

Selects the clock speed and oscillation stabilization wait time setting, then checks the clock state.

Standby control register (STBC)

Controls transition from active (RUN) mode to standby mode, pin state settings at stop mode, and software
reset.
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3.6.3 System Clock Control Register (SYCC)

The system clock control register (SYCC) manages clock settings such as selection of
the clock speed and oscillation stabilization wait time.

m Configuration of the System Clock Control Register (SYCC)

Figure 3.6-5 Configuration of System Clock Control Register (SYCC)

Address bit7  bit6 bit5  bit4 bit3 bit2 bitl  bit0 Initial value

00074 [scm| — | — [ wra] wro] — [ cs1] Cs0| 1-MM-008
R RIW  R/W RIW R/W
L] L
Clock speed selection bits
CS1| CSO - -
Instruction cycle (when Fcn is 12.5 MHz)
0 0 | 64/Fcy (5.12 ps)
0 1 | 16/Fcy (1.28 ps)
1 0 8/Fcp (0.64 us)
1 1 4/Fc (0.32 pus)
Oscillation stabilization wait time selection bits
WT1| WTO Oscillation stabilization wait time according to
output of the time-base timer (when Fch is 12.5 MHz)
0 0 | Setting prohibited
0 1 | Approx. 214/FcH (approx. 1.31 ms)
1 0 |[Approx. 217/Fch (approx. 10.5 ms)
1 1 |Approx. 218/Fcy (approx. 21.0 ms)
SCM System clock monitor bit
0 | Clock stopping or waiting for stabilization of oscillation
R/W : Readable/Writable 1 | Active mode
R : Read only
— : Unused
M : Mask option
3 : Initial value
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Table 3.6-1 Explanation of Functions of Each Bit in the System Clock Control Register (SYCC)

Bit name

Description

SCM: System clock

Used to check the current clock mode.
When this it is 0, the clock is stopping or waiting for stabilization of oscillation.
When thishit is 1, operations are performed in active mode.

bit7 . .
monitor bit Note:
This bit isread-only enabled. Writing avalue to this bit does not affect
operation.
bit6, Unused bits Valuesin these bits are undefined when read.
bit5 Writing values into these bits does not affect operation.
Used to select an oscillation stabilization wait time setting.
When external interrupt causes a return from stop mode to active mode, the
i oscillation stabilization wait time setting selected by these bitsis applied.
WT1, WTO: - : . .
bita Oscillation The_ |n|'_[|al val ues of_th@e l_3|t§ are det_erm_l ned by opti ons. Therefore,_ vyhen an
bit3 tabilization wait time osc_lllatlonstab|I|zat|onwa|tt|mesett|ng|stobeapplledforareﬁet, itisselected by
S options.
selection bits }
Note:
Change values in these bits after confirming that the clock is not waiting for
stabilization of oscillation using the SCM bit.
Thishit isalways"1" when read.
bit2 Unused bit Note:
Specify "1".
CS1 CS0: Used to select the clock speed in active mode.
bitl, CIoc'k eed sdlection One of four operating clock speeds (gears) can be specified for the CPU and
bit0 bits $ peripheral functions. However, these bits do not affect the operating clock for the

time-base timer.

m Instruction Cycle (t;ysT)

For instruction cycles (minimum instruction run time), a 1/4, 1/8, 1/16, or 1/64 frequency can be selected
using the clock speed selection bits (CS1 and CS0).

In active mode, when the oscillation frequency (Fcp) is 12.5 MHz, the instruction cycle for the maximum
speed (SYCC: CS1 and CS0O = 11g) is 4/Fcy (= about 0.32 ps).
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3.

6.4 Clock Mode

The clock speed is switched by selecting one of four frequency-divided source clocks

(9

ears).

Operations in Each Clock Mode

Table 3.6-2 Operations in Each Clock Mode

Clock speed Operating clock in each block
Cause that cancels
SYCC register S?gggy Clock time-base | Perioheral standby mode
(SYCC: Cs1 CPU ) f pn (excepting reset)
and CS0) timer unction
High RUN Fey/4 [nterrupt request
' eep
A Stopped
Stop Stopped Stopped Stopped External interrupt
RUN Fcn/8 Interrupt request
(1 0) 3 Generated FCH/2 FCH/S
' eep
Stopped
Stop Stopped Stopped Stopped External interrupt
RUN Fcn/16 Interrupt request
o 5 Generated Fcnl2 Fcr/16
' eep
Stopped
Stop Stopped Stopped Stopped Externa interrupt
Y RUN Fcn/64 [nterrupt request
(0 0) S Generated FCH/Z FCH/64
: Low eep
speed Stopped :
Stop Stopped Stopped Stopped External interrupt

58

Each clock mode allows transition to a corresponding standby (sleep/stop) mode. For details of standby
mode, see Section "3.7 Standby Mode (L ow-Power Consumption Mode) ".

Gears (Clock Speed Switching Function)
Writing one of 00g to 11p into the clock speed selection bits (SYCC: CS1 and CS0) in the system clock
control register selects one of four clock speeds.

The CPU and peripheral circuits operate using the clock speed selected. However, the gear does not affect
the time-base timer.

Power consumption can be reduced by lowering the clock speed.
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m Operations in Active Mode
In active (RUN) mode, the oscillator is generating a clock. The CPU, time-base timer, and other peripheral
circuits operate using the clock.

In active mode, all clock speeds except the time-base timer clock speed can be changed (using gears). In
active mode, specifying standby mode resultsin atransition to sleep mode or stop mode.

Operations always start in RUN mode after areset (any type). (Operating modes are cancelled by areset.)
Note:

Do not rewrite the values in the oscillation stabilization wait time selection bits (SYCC: WT1 and WTOQ)
while the clock is waiting for stabilization of oscillation. Using the system clock monitor bits, change
the values in these bits after checking that SYCC: SCM is"1".
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3.6.5

Oscillation Stabilization Wait Time

Oscillation stabilization wait time is to be applied when power is turned on to start the
clock in RUN mode while the clock is stopped in stop mode.

m Oscillation Stabilization Wait Time

A ceramic or crystal resonator normally requires several or several tens of milli-seconds from oscillation
start to oscillation stabilization at a specific cycle (oscillation frequency).

Thus, CPU operation must be prohibited immediately after the start of oscillation, and the clock is to be
supplied to the CPU when oscillation is stable following the expiration of oscillation stabilization wait
time.

The period during which oscillation becomes stable is dependent on the type of oscillator (such as crystal or
ceramic) connected to the oscillation circuit (clock generator). Therefore, an oscillation stabilization wait
time setting appropriate to the oscillator used must be selected.

Figure 3.6-6 shows changes in a frequency generated by an resonator from generation to stabilization.

Figure 3.6-6 Changes of a Frequency after Generation

X1

Normal operation

Oscillation [ Return from stop mode ]

Duration required for a resonator .
stabilization wait time | L OF reset operation

starts oscillation

|

Start of oscillation Oscillation stabilizes

m Oscillation Stabilization Wait Time
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Oscillation stabilization wait time is to be applied to start the clock in active mode while the clock is
stopped.

Oscillation stabilization wait time is the duration from when the counter of the time-base timer is cleared to
when the specified bits overflow.

@® Oscillation stabilization wait time during operation

For oscillation stabilization wait time applied for a return from stop mode to active (RUN) mode due to
externa interrupt, one of three oscillation stabilization wait time settings can be selected using the
oscillation stabilization wait time selection bits in the system clock control register (SYCC: WT1 and
WTO).
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@ Oscillation stabilization wait time at a reset
Option settings specify oscillation stabilization wait time at areset (initial values of WT1 and WTO).
Cancellation of stop mode by external reset also applies oscillation stabilization wait time.
Table 3.6-3 shows the relationship between the active mode operation start conditions and oscillation

stabilization wait time.

Table 3.6-3 Active Mode Operation Start Conditions and Oscillation Stabilization Wait Time

Active mode operation start When power is turned Cancellation of stop mode
condition on External reset External interrupt
tSiﬁlﬁzctlon of oscillation stabilization wait Option settings SYCC: WTL, WTO
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3.7 Standby Mode (Low-Power Consumption Mode)

The MB89202/F202RA series supports sleep mode and stop mode in standby mode.
Transition to standby mode is controlled by the standby control register (STBC)
settings.

In active mode, transition to sleep mode or stop mode is allowed.

In standby mode, operation of the CPU and peripheral functions is stopped to reduce
power consumption.

This section describes the relationship between standby mode and clock mode and
explains block operations in standby mode.

m Standby Mode
In active mode, power consumption is reduced by lowering the speed of the operating clock for the CPU

and peripheral circuits using clock speed switching (gears). However, in standby mode, the clock controller
stops supply of the clock to the CPU (sleep mode) or stops oscillation of the source (stop mode) to reduce
power consumption.

® Sleep mode
In sleep mode, the CPU and watchdog timer are stopped. Peripheral functions operate using the normal
clock.

@® Stop mode

In stop mode, the CPU and peripheral functions are stopped, and the clock does not oscillate. All the
functions except for externa interrupt halt.
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3.7.1 Operations in Standby Mode

This section describes CPU and peripheral function operation in standby mode.

m Operations in Standby Mode

Table 3.7-1 Operations of the CPU and Peripheral Functions in Standby Mode

Function RUN Sleep (S%{EEO) (S?Dtl(_)fl)
Clock Active Active Stopped Stopped
Instruction Active Stopped Stopped Stopped
CPU ROM
Active Holding Holding Holding
RAM
1/0 port Active Holding Holding Hi-Z
Time-base timer Active Active Stopped Stopped
Watchdog timer Active Stopped Stopped Stopped
8-bit PWM timer/counter Active Active Stopped Stopped
8/16-bit capture timer/counter Active Active Stopped Stopped
iiézzirr?l UART Active Active Stopped Stopped
8-bit seria 1/0 Active Active Stopped Stopped
12-bit PPG Active Active Stopped Stopped
Buzzer Active Active Stopped Stopped
Externa interrupt 1 and 2 Active Active Active Active
A/D converter Active Active Stopped Stopped

@ State of pins in standby mode

The state of most 1/O pins can remain the same as those set immediately before transition to stop mode or
set to Hi-Z using the pin state setting bit in the standby control register (STBC: SPL), regardless of clock
mode.

Note:

For details on pin states in standby mode, see "APPENDIX E Pin State of the MB89202/F202RA
Series".
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3.7.2

Sleep Mode

This section describes sleep mode.

B Operations Relating to Sleep Mode

64

@ Transition to sleep mode

In sleep mode, the operating clock for CPU is stopped. Although the CPU stops storing data in the registers
and RAM used immediately before transition to sleep mode, peripheral functions, excepting the watchdog
timer, continue to operate.

Writing "1" to the sleep bit in the standby control register (STBC: SLP) results in a transition to sleep
mode. Any attempt to write "1" into the SLP bit while an interrupt request is being generated fails,
transition to sleep mode cannot be made, and instructions are processed continuously. (Even after the
interrupt is processed completely, transition to sleep modeis not possible.)

@® Cancellation of sleep mode

Sleep mode is cancelled by areset or interrupt from a peripheral function.
Pin states areinitialized by the reset operation.
When an interrupt request with an interrupt level higher than 115 is generated in a peripheral function or

external interrupt circuit in sleep mode, sleep mode is cancelled regardless of the CPU interrupt enable flag
(CCR: 1) or interrupt level bits (CCR: IL1 and ILO).

When sleep mode is cancelled, a normal interrupt operation is performed, and if interrupts are acceptable,
interrupt processing is performed. Otherwise, if interrupts are unacceptable, the processing resumes starting
from an instruction next to the instruction which was issued immediately before transition to sleep mode.
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3.7.3 Stop Mode

This section describes the stop mode.

B Operations Relating to Stop Mode

@ Transition to stop mode
In stop mode, the oscillation frequency is stopped. Most functions stop storing data in the registers and
RAM used immediately before transition to stop mode.

The clock circuit stops oscillating, the peripheral functions and CPU stop operating, but the external
interrupt circuit continues to operate.

Writing "1" to the stop bit in the standby control register (STBC: STP) causes a transition to stop mode. At
that time, if the pin state setting bit (STBC: SPL) is"0", the states of the external pins are maintained. If the
pin state setting bit is"1", the states of the external pins are set to Hi-Z (the states of pins for which a pull-
up resistor is specified in the pull-up setting resistor are set to level "H").

An attempt to write "1" into the STP bit while an interrupt request is being generated fails, transition to stop
mode cannot made, and instructions are processed continuously. (Even after the interrupt is processed
completely, transition to stop mode is hot made.)

For atransition to stop mode, prohibit the time-base timer interrupt request output (TBTC: TBIE = 0) when
necessary.

@ Cancellation of stop mode

Stop mode is cancelled by areset or external interrupt.

When areset occurs in stop mode, the reset operation is performed after oscillation stabilization wait time.
pin states are initialized by the reset operation.

When an interrupt request with an interrupt level higher than 115 is generated in an external interrupt

circuit in stop mode, stop mode is cancelled regardless of the CPU interrupt enable flag (CCR: 1) or
interrupt level bits (CCR: IL1 and ILO).

When stop mode is cancelled and oscillation stabilization wait time has expired, a normal interrupt
operation is performed. Then, if interrupts are acceptable, interrupt processing is performed. Otherwise, an
instruction following the instruction immediately before transition to stop mode is managed.

When an external interrupt cancels stop mode, part of the peripheral functions are restarted with data stored
before the beginning of deep mode. Therefore, the initial interval of the interval timer and other similar
settings are rendered unknown. The peripheral functions must be initialized after returning from stop mode.

Note:
Among interrupts, only an interrupt request from the external interrupt circuit cancels the stop mode.
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3.7.4 Standby Control Register (STBC)

The standby control register (STBC) controls transition to sleep /stop modes, pin state
settings in stop mode, and software reset.

m Standby Control Register (STBC)

Figure 3.7-1 Standby Control Register (STBC)

Address  hit7 bit6 bit5 bit4  bit3  bit2 bit1  bit0 Initial value

00084 | STP [SLP |sPL |RsT [RESV| — [ — | — | 000105
RW RW RW RW R

Reserved bit
| RESV -
When read When written
0 Always "0" )
1 Does not affect operations
Software reset bit
RST -
When read When written
0 - 4-instruction reset signal
generated.
i Always "1" Does not affect operations
SPL Pin state setting bit
0 |Pin states applied are maintained in stop mode.
1 | Pin states are set to Hi-Z in stop mode.
SLp Sleep bit .
When read When written
Always "0" Does not affect operations
1 — Transition to sleep mode
STP Stop bit .
When read When written
Always "0" Does not affect operations
. 1 — Transition to stop mode
R/W : Readable/Writable P
R : Read only
: Unused
[ ¢ Initial value
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Table 3.7-2 Explanation of Functions of Each Bit in the Standby Control Register (STBC)

Bit name Description
This bit specifies transition to stop mode.
bit7 STP: Writing "1" into this bit allows transition to stop mode.
Stop bit Writing "0" into this bit does not affect operations.
Thisbit is aways read with the value of "0".
This bit specifies transition to sleep mode.
bit6 SLP: Writing 1" into this bit allows transition to sleep mode.
Sleep bit Writing "0" into this bit does not affect operations.
Thisbit is aways read with the value of "0".
This bit specifies external pin statesin stop mode.
Writing "0" into this bit maintains states (levels) of the external pins at transition to
bit5 SPL: stop mode.
pin state setting bit | Writing "1" into this bit sets states of the external pinsto Hi-Z (states of pinsfor
which a pull-up resistor is specified are set to level "H").
This bit becomes"0" after areset.
This bit specifies software reset.
bita RST: Writing "0" into this bit generates a source of 4-instruction cycle internal reset.
Software reset bit Writing "1" into this bit does not affect operations.
Thisbit is aways read with the value of "1".
bit3 RESV: Thisbit is aways read with the value of "0".
Reserved bit Writing a value into this bit does not affect operations.
bit2 to bit0 | Unused bits Values read out of these hits are undefined.

Writing values into these bits does not affect operations.
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3.7.5 Diagram for State Transition in Standby Mode

Figure 3.7-2 shows the state transition diagram in standby mode.

m Diagram for State Transition in Standby Mode

Figure 3.7-2 State Transition Diagram

| Power turned on |

Power-on reset

Oscillfa\m
stabilization wait

reset mode

9)

Reset mode

(1)l T(Z)

RUN mode

(5)

(3)

(10)

Oscillation
stabilization wait

(1)
(@)

(6)

8)

. Cancellation of reset input
. Reset sources (multiple)

Sleep mode

3) : Transition to sleep mode by the standby control register (STBC: SLP = 1)
(4) . External reset input

(5) . Transition to stop mode by the standby control register (STBC: STP =1)
(6) . Interrupt request

7) . External interrupt request

(8) (9) : Time-base timer overflow (end of oscillation stabilization wait time)

(10) (11) : External reset input
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@ Transition to and cancellation of clock mode (non-standby mode)

Table 3.7-3 Transition to and Cancellation of Clock Mode

State transition

Transition conditions

Transition to active mode after
power-on reset

(9) End of oscillation stabilization wait time (output of time-base timer)
(1) Cancellation of reset input

Reset in RUN mode

(2) External reset, software reset, or watchdog reset

@® Transition to and cancellation of standby mode

Table 3.7-4 Transition to and Cancellation of Standby Mode

State transition

Transition conditions

Transition to sleep mode

(3) STBC: SLP=1

Cancellation of sleep mode

(6) Interrupt (each type)
(4) External reset

Transition to stop mode

(5) STBC: STP=1

Cancellation of stop mode

(7) External interrupt

(8) End of oscillation stabilization wait time (output of the time-base timer)
(10) External reset

(11) External reset (during oscillation stabilization wait)

Note:

In standby mode, the CPU and watchdog timer stop. Thus, software and watchdog resets do not occur.
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3.7.6

Notes on Standby Mode

Even if the standby control register (STBC) sets standby mode, transition to standby
mode is not allowed when a peripheral function generates an interrupt request. When
an interrupt causes areturn from standby mode to active mode, subsequent operations
depend on whether interrupt requests are acceptable.

B Transition to Standby Mode and Interrupt

When an interrupt request with an interrupt level higher than 11g is generated in a peripheral function to
the CPU, an attempt to write "1" into the stop bit (STBC: STP) or dleep bit (SLP) in the standby control
register is ignored. Therefore, any attempt at transition to standby mode fails. (Even after the interrupt is
processed, transition to standby mode is not allowed.)

This type of rejection does not depend on whether the CPU can accept interrupts.

Even if the CPU is processing an interrupt, transition to standby mode is allowed when the request flag bit
for the interrupt has been cleared and there are no other interrupt requests to be processed.

m Cancellation of Standby Mode by an Interrupt

When an interrupt request with an interrupt level higher than 115 is generated in a peripheral function or

another component in sleep mode or stop mode, standby mode is cancelled. This operation does not depend
on whether the CPU can accept interrupts.

After cancellation of standby mode, the CPU normally takes a branch to the interrupt processing routine if
the priority of the interrupt level setting register (ILR1 to ILR4) corresponding to the interrupt request is
higher than the level specified in the interrupt level bits (CCR: IL1 and ILO) in the condition code register
and if the interrupt enable flag is turned on (CCR: | = 1). Otherwise, an instruction is managed following
the instruction causing standby mode to be set.

To prohibit a branch to the interrupt processing routine immediately after return, interrupts must be
prohibited before standby mode is set.

m Notes on Setting Standby Mode
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For setting standby mode using the standby control register (STBC), use the settings specified in Table 3.7-
5. When 1 is set to both bits at the same time, stop mode has precedence over sleep mode. However, it is
recommended that "1" not be set to the bits at the same time.

Table 3.7-5 Low-power Consumption Mode Established using the Standby Control
Register (STBC)

STBC register
Mode
STP(bit7) SLP(bit6)
0 0 Active
0 1 Sleep
1 0 Stop
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m Oscillation Stabilization Wait Time

The oscillator for oscillation frequency stops in stop mode, thus oscillation stabilization wait time must be
applied after the oscillator is activated.
Use one of three clock oscillation stabilization wait time settings generated by the time-base timer.

If the interval selected for the time-base timer is shorter than the oscillation stabilization wait time, an
interval timer interrupt request is generated during oscillation stabilization wait time. To prevent this from
occurring, disable output of time-base timer interrupt requests (TBTC: TBIE = 0) before transition to stop
mode when necessary.
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3.8 Memory Access Mode

The MB89202/F202RA series supports only single-chip mode for access to memory.

m Single-chip Mode
In single-chip mode, only internal RAM and ROM are used. The CPU can access only theinternal 1/O area,
RAM area, and ROM area.

B Mode Data
Set 00y into the mode datain internal ROM to select single-chip mode.

Figure 3.8-1 Configuration of Mode Data

Address  bit7  bit6  bit5 bit4  bit3 bit2 bitl  bit0
FFFDH

— _

Value Operation

00H Selects single-chip mode.

Other than 00H | Reserved. Do not specify this value.

B Operations for Selecting Memory Access Mode
Only single-chip mode is selectable.

Table 3.8-1 provides the settings for the mode pins and mode data.

Table 3.8-1 Settings for Mode Data

Memory access mode Mode data
Single-chip mode 004
Other modes Prohibited

Figure 3.8-2 shows the operations for selecting memory access.
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Figure 3.8-2 Operations for Selecting Memory Access

Wait for cancellation of
the reset source
(external reset or
oscillation stabilization
wait time)

Mode fetch

Check of the mode data

Setup of I/O pin
functions at execution
of program (RUN mode)

Source of a reset is generated.

I/O pins are high
impedance.

Being reset

Mode data and reset vector are
fetched from internal ROM.

Other

Prohibited

settings

Mode data

Single-chip mode (00R)

I/O settings for each I/O pin using
the port direction register (DDR)
and other measures

I/O pins are available
as ports.
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CHAPTER 4

/O PORTS

This chapter describes the functions and operations of
I/O ports.

4.1 Overview of I/O Ports

4.2 Port0

4.3 Port3

4.4 Port4

4.5 Port5

4.6 Port6

4.7 Port7

4.8 Programming Example of 1/0O Port
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4.1

Overview of I/O Ports

Six 1/0 ports (comprising 26 pins) are available as general-purpose I/O ports (parallel I/O

ports).

These ports also serve peripherals (as I/O pins for specific peripheral functions).

B Functions of I/O Ports

The 1/0 ports function to output data from the CPU to 1/O pins via their port data register (PDR) and send
signals input to 1/0 pins to the CPU. For some ports, the I/O direction of 1/O pins can be set by optionally
setting the bits of the port data direction register (DDR), with the bits corresponding to the pins.

The functions of the ports and peripherals for which the ports may serve are summarized below.
« Port 0: General-purpose 1/0O port may also serve peripherals (external interrupt 2 and analog input pins)

« Port 3: General-purpose I/O port may aso serve peripherals (12-bit PPG, externa interrupt 1, UART, 8-
bit serial 1/0, 8/16-bit timers, and buzzer output pin)

« Port 4: General-purpose I/0O port of atype switched between CMOS push-pull and N-ch open-drain may
also serve peripherals (analog input pins)

» Port 5: General-purpose 1/0O port may also serve peripherals (8-bit PWM pin)

* Port 6: General-purpose 1/0 port (for MB89F202/F202RA, P61, P60 are input port)
e Port 7: General-purpose 1/0 port

Table4.1-1 liststhe functions of the ports, and Table 4.1-2 liststhe register of ports.

Table 4.1-1 Functions of Ports

Port Pin name Input Output 1 iz | bite | bits | bita | bit3 | bit2 bit1 bito
name form form
FOOTNTZG/ Hysteres's P07 P06 P05 PO4 P03 P02 PO1 P00
Port 0 AN4 to CMOS . . AN7 ANG AN5 AN4
TNTST INT27 | TNT. INT25 | INT24
PO7/INT27 anaog | oo INT23 | INT22 | INT2L | INT20
push-pull
P30/UCK/SCK oMOS P37 P36 P35 P34 P33 P32 P31 P30
Port 3 to : BZ/ TO/ UCK/
P37/BZIPPG hysteresis P | INTI2 [ INTIL || o0 EC ul/sl uoIso SOK
PAOIANO CMOS P43 P42 P41 P40
CMOS push-pull
Port 4 to - - - -
PAZIAN3 analog | or N-ch AN3 | AN2 AN1 ANO
open-drain
P50
Port 5 P50/PWM CMOS CMOS - - - - - - -
hysteresis | push-pull PWM
CMOS P61 P60
P60, CMOS push-pull - - - - - -
Port6 P61 hysteresis | or N-ch
open-drain
Port 7 P70
to CMOS CMOS - - - - - P72 P71 P70
P72
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Register name Read/Write Address Initial value
Port O data register (PDRO) R/W 00004 XXXXXXXXp
Port 0 data direction register (DDRO) w1l 0001 000000005
Port O pull-up setting register (PULO) R/W 00704 00000000g
Port 3 data register (PDR3) R/W 000CH XXXXXXXXp
Port 3 data direction register (DDR3) w1 000Dy, 000000005
Port 3 pull-up setting register (PUL3) R/W 0071 00000000g
Port 4 data register (PDR4) RIW 000F, —--XXXXg
Port 4 data direction register (DDR4) R/W 00104 ----0000g
Port 4 output form setting register (OUT4) R/W 0011 ----0000g
Port 5 data register (PDR5) R/W o012y, | 0 - XB
Port 5 data direction register (DDRY5) R/W 0013y | = - 0Og
Port 5 pull-up setting register (PUL5) R/W 0072y | @ - Og
Port 6 data register (PDR®) RIW 0060, | - XXg
Port 6 data direction register “2 (DDR®) RIW 0061y | - 00g
Port 6 pull-up setting register (PULB) R/W 0062y | @ - 00g
Port 7 data register (PDR?) RIW 0063, | = - XXXg
Port 7 data direction register (DDRY) R/W 0064y | @ - 0005
Port 7 pull-up setting register (PULT) R/W 0065y | 0 - 0005

R/W : Readable and Writable
W Writeonly
X : Undefined

*1 : DDRO and DDR3 cannot be used for bit manipulation instructions.
*2 : DDRG6isnot used in MB89F202/F202RA.

77



CHAPTER 4 1/0O PORTS

4.2

Port O

Port 0 is a general-purpose I/O port and may also serve as peripheral inputs. The pins of
this port can be used for peripherals or normal port function that can be selected
according to the setting of a bit corresponding to the pin on a specific register.

This section mainly explains the general-purpose I/O function of the port.

This section also describes the structure, pins, and associated registers of port 0 and
provides a block diagram of pins.

m Structure of Port O

Port 0 comprises the following four elements:

«  General-purpose |/O pins, external interrupt 2, and analog input pins (POO/INT20/AN4 to PO7/INT27)
« Port 0 dataregister (PDRO)

¢ Port O data direction register (DDROQ)

e Port O pull-up setting register (PULO)

m Pins of Port O

Port 0 has eight general-purpose I/O pins. When used as input pins at the same time, these pins can be also
used as external interrupt input pins.

Table 4.2-1 liststhe pins of port 0.

Table 4.2-1 Pins of Port O

Port . . Peripherals for which apin | Inputand outputform | cjrcyit
Pin name Function
A P00 general- INT20 : external interrupt input 20
POOINT20/ANA purpose I/0 AN4 :analog input 4
POLTNTZUANS P01 general- INT21 : externa! interrupt input 21
purpose 1/0 AN5 :analog input 5 Analog CMOS
. G
N P02 general- | TNT22 : external interrupt input 22 hysteresis
PO2/INT22/ANG purpose 1/0 AN6 : analog input 6
SR P03 general- INT23 : external interrupt input 23
POS/INT2S/ANT purpose I/0 AN7 :analoginput 7
Port 0 CMOS
PO4/INT24 P04 generdl- | {7 - external interrupt input 24
purpose 1/0
POS/INT25 POS generdl- | K95 - evternal interrupt input 25
purpose 1/0 CMOS
. D
. - __ hysteresis
PO6/INT26 P0G generdl INT26 : external interrupt input 26
purpose I/0
PO7/INT27 PO7 generdl- | {Rig7 - ovternal interrupt input 27
purpose 1/0
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For circuit type, see Section "1.7 Pin Functions Description " and "1.8 1/O Circuit Types".
For pin operation when used as analog input, see "CHAPTER 12 A/D CONVERTER ".
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m Block Diagram of Port O

Figure 4.2-1 Block Diagram of Port O
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®°—| Nch
DDR write
ﬂi

PUL read

PUL
PUL write

SPL: Pin status setting bit of standby control register (STBC)

Note:

When the A/D converter is used, deselect pull-up action for pins PO3/INT23/AN7 to POO/INT20/ANA4.
Pins set to be used as analog input pins must not be used as an output port.

B Registers PDRO, DDRO, and PULO of Port 0
Registers PDRO, DDRO, and PULO are associated with port O.

The bits of these registers correspond to the pins of port 0 in one-to-one correspondence.

Table 4.2-2 tabulates the correspondence between the pins and the bits of the port O registers.

Table 4.2-2 Correspondence between the Pins and the Bits of the Port 0 Registers

Port name Bits of associated registers and corresponding pins
PDRO, DDRO, PULO bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Port O
Pin corresponding to bit PO7 PO6 PO5 P04 PO3 P02 PO1 POO
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4.2.1 Registers of Port O (PDRO, DDRO, and PULO)

This section describes the registers associated with port 0.

B Functions of Port O Registers

@® Port 0 data register (PDRO)

The PDRO register indicates the state of the output latch. For a pin set to function as an output port, the
same value ("0" or "1") as the value state of the output pin can be read from thisregister. If the pin is set to
function as an input port, however, its output latch value cannot be read from the register.

Note:

When a bit manipulation instruction (SETB, CLRB) is executed, the output latch values, not the value
states of the pins, are read; thus, output latch values, other than those for bits to be manipulated, do not
change.

® Port 0 data direction register (DDRO)

The DDRO register setsthe 1/0 direction of each pin per bit.

When abit of the DDRO register corresponding to apin of port O isset to "1", the pin functions as an output
port. When the bit is set to "0", the pin functions as an input port.

Note:
Because the DDRO register is write only, bit manipulation instructions (SETB, CLRB) do not apply.

@ Setting a port pin to serve external interrupt inputs

If apin of port 0isused as an external interrupt input pin, enable the external interrupt circuit operation and
set the pin to function as an input port. When the pin is set in this mode, its output latch value has no
significance.

@ Setting a port pin to serve analog inputs

If apin of port 0 isused as an analog input pin, write "0" for the bit corresponding to the pin on the DDRO
register. The output transistor is then set to OFF and the pinis set in the Hi-Z state.

Set the bit of the ADEN register of the A/D converter to "1", the bit corresponding to the analog input pin
inuse.

@ Setting the input to a peripheral enable

If aperipheral with an input pin is used, set the pin of port O for the input to the peripheral to function as an
input port. In this mode, the corresponding output latch value has no significance.
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Table 4.2-3 liststhe functions of the port O registers.

Table 4.2-3 Functions of Port 0 Registers

Register Data When being When being written Regd/ Address Initial value
name read Write
i . Output latch of "0" isset and
0 PI|_n lsg[; IS "L" level isoutput to the pin
Port O data ' in output port mode.
register (PDRO) _ RIW 0000, XXXXXXXXg
& Bin state is Output latch of "1" isset and
1 "H" level "H" level isoutput to the pin
' in output port mode.
Output transistor operation
0 isdisabled and the pinis set
Port O data Read to serve asan input pin.
direction prohibited : . w 0001y 000000005
register (DDRO) (write only) Output transistor operation
1 isenabled and the pin is set
to serve as output pin.

R/W : Readable/Writable
W Writeonly
X Undefined

@® Port 0 pull-up setting register (PULO)

The bits of the pull-up setting register correspond to the pins of port 0 in one-to-one correspondence. When
the pull-up resistor is selected by using the pull-up setting register, the pin will be at "H" level (pull-up
state) instead of Hi-Z during stop (SPL = 1). During a reset, however, the pull-up is invalid and the pin
remains at Hi-Z.

Figure 4.2-2 shows the pull-up resistor settings assigned to the values of the bits of the port O pull-up
register.

Figure 4.2-2 Pull-up Resistor Settings (PULO)

Address bit7  bit6 bit5  bit4 bit3 bit2  bitl  bit0 Initial value
00701 |PULO7 [PuL06|PuLOS| PUL04|PULO3| PULO2] PULO1| PULOO| 000000008
RW RW RW RW RW RW RW RMW

R/W

. Readable/Writable

/e

Initial value

| | | | |
\H PULO3 PULO2 PULO1 PULOO
P03 pull-up OFF | P02 pull-up OFF | P01 pull-up OFF | POO pull-up OFF
P03 pull-up ON P02 pull-up ON [ PO1 pull-up ON [ P00 pull-up ON
PULO7 PULO6 PULO5 PULO4
PO7 pull-up OFF | P06 pull-up OFF | P05 pull-up OFF | P04 pull-up OFF
P07 pull-up ON P06 pull-up ON PO5 pull-up ON | P04 pull-up ON
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4.2.2

Operations of Port O Functions

This section describes the operation of port 0.

m Operation of Port 0

82

@ Operation in output port mode

When "1" is written to a bit of the DDRO register, the bit corresponding to a pin of port 0, the pin functions
as an output port.

In output port mode, the output transistor operation is enabled and the output latch datais output to the pin.
Once data has been written into the PDRO register, the written data is held in the output latch and output to
thepinasitis.

The value state of the pin can be read by reading the PDRO register.

@ Operation in input port mode

When "0" is written to a bit of the DDRO register, the bit corresponding to a pin of port O, the pin functions
asan input port.

In input port mode, the output transistor is OFF and the pin statusis Hi-Z.

Once data has been written into the PDRO register, the written data is held in the output latch but is not
output to the pin.

The value state of the pin can be read by reading the PDRO register.

@ Operation in external interrupt input mode

Set a bit of the DDRO register to "0", the bit corresponding to a pin of port O that is to serve as an externa
interrupt input pin, to set the pin to function as an input port.

The value state of the pin can be read by reading the PDRO register regardless of whether external interrupt
inputs or interrupt request outputs are enabled or disabled.

@ Operation in analog input mode

To use apin of port 0 as analog input and to inhibit output transistor operation, set the bit corresponding to
the analog input pin to "0" on the DDRO register. The value state of the pin can be read by reading the
PDRO register.

Set the bit of the ADEN register of the A/D converter to "1", the bit corresponding to the analog input pin
inuse.

® Operation when a reset is performed

When the CPU is reset, the bits of the DDRO register are initialized to "0". Thus, all output transistors
become OFF and the pins become Hi-Z.

However, CPU resets do not initialize the PDRO register. If a pin is used as an output port after the reset,
reinitialize the PDRO register to contain new output data in the bit position corresponding to the pin and
then set the corresponding bit of the DDRO register so that the pin will function as an output port.
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@ Operation in stop mode

When the pin state setting bit of the standby control register (STBC: SPL) is"1" and when the stop mode is
entered, the output transistor is turned OFF and the pin becomes Hi-Z because the output transistor is
forcibly turned OFF without respect to the value existing on the DDRO register in the bit position
corresponding to the pin.

Input remains fixed to prevent leaks by input open.

Table 4.2-4 summarizes the operating modes of the pins of port O.

Table 4.2-4 Operating Modes of Pins of Port 0

Pin name Normal operation, sleep, stop (SPL =0) Stop (SPL =1) At a reset
Po/I NtTOZO/AN4 Genera-purpose |1/O port may also serve
PO3TNTZ3/ANT external interrupt inputs or analog inputs Hiz '
PO4/TNT 4 (External interrupt input) Hi-z
o General-purpose I_/O port may also serve
PO7/INTZ? external interrupt inputs

SPL : Pin state setting bit of standby control register (STBC: SPL)
Hi-Z: High impedance
Note:

When the pull-up resistor is selected by using the pull-up setting register, the pin state will be "H" level
instead of Hi-Z in stop mode (SPL = 1). During a reset, however, the pull-up is invalid with the pin
remaining at Hi-Z.
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4.3 Port 3

Port 3 is a general-purpose I/O port and may also serve as input pins for external
interrupts as well as input and output pins for peripherals.

This section mainly explains the general-purpose I/O function of the port.

This section also describes port 3 concerning to the structure, pins, a block diagram of
pins, and associated registers.

W Structure of Port 3
Port 3 comprises the following four elements:

» General-purpose 1/0O pins, external interrupt 1 input pins, and input/output pins for peripherals (P30/
UCK/SCK to P37/BZ/PPG)

* Port 3 dataregister (PDR3)

« Port 3 data direction register (DDR3)

* Port 3 pull-up setting register (PUL3)
m Pins of Port 3

Port 3 has eight CMOS I/O pins. These pins can be used as both input pins and external interrupt input pins
at the same time. These pins cannot be used as a genera -purpose 1/0 port when being used for peripherals.

Table4.3-1 liststhe pins of port 3.

Table 4.3-1 Pins of Port 3

Port . . . . . Input and output form Circuit
name Pin name Function Peripherals for which the pin may serve type
Input Output yp
P30 general-purpose UCK UART clock 1/0 CMOS
PBOUCKISCK 1 /0 SCK 8-bit serial 1/0 clock 1/0 hysteresis B
P31 general-purpose uo UART data output
PSL/UOISO 110 ) 8-bit serial 1/0 data output CMOS E
P2IUI/SI P32 general-purpose ul UART datainput CMOS
110 Sl 8-hit serial 1/0 datainput hysteresis
P33/EC :3:83 general-purpose EC 8/16-bit timer and counter clock inputs
Port 3 CMOSs
P34 general-purpose TO 8/16-bit timer and counter timer outputs
P34/TO/INT10 } . B
110 INT10 External interrupt input 10 cMOS
hysteresis
P3S/INT1L :7?(’35 general-purpose | |\ rqq External interrupt input 11
P36/INT12 ::/%6 general-purpose | i1y External interrupt input 12
P37 general-purpose BZ Buzzer output
PS7/BZIPPG 110 PPG 12-bit PPG output CMOS E

For circuit type, see"1.7 Pin Functions Description".

84



CHAPTER 4 1/0 PORTS

m Block Diagram of Port 3

Figure 4.3-1 Block Diagram of Port 3
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| o ——D> e
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(SPL =1)
PUL read
PUL
PUL write
Note:

Because the value states of the pins are aways input to the external interrupt circuit, when apinis used
as a normal 1/0 port, the operation of the external interrupt circuit corresponding to the pin must be
inhibited. See "CHAPTER 10 EXTERNAL INTERRUPT CIRCUIT 1 (EDGE) ".

B Registers PDR3, DDR3, and PUL3 of Port 3
Theregisters PDR3, DDR3, and PUL 3 are associated with port 3.
The bits of these registers correspond to the pins of port 3 in one-to-one correspondence.
Table 4.3-2 tabulates the correspondence between the pins and the bits of port 3 registers.

Table 4.3-2 Correspondence between the Pins and the Bits of Port 3 Registers

Port name Bits of associated registers and corresponding pins
PDR3, DDR3, PUL3 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Port 3
Pin corresponding to bit P37 P36 P35 P34 P33 P32 P31 P30
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4.3.1 Registers of Port 3 (PDR3, DDR3, PUL3)

This section describes the registers associated with port 3.

B Functions of Port 3 Registers
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@ Port 3 data register (PDR3)

The PDR3 register indicates the state of the pins. For a pin set to function as an output port, the same value
("0" or "1") as held by the output latch can be read from this register. If the pinis set to function as an input
port, however, its output latch value cannot be read from the register.

Note:

When a bit manipulation instruction (SETB, CLRB) is executed, the output latch values, not the value
states of the pins, are read; thus, output latch values, excepting those for bits to be manipulated, do not
change.

® Port 3 data direction register (DDR3)

The DDRS3 register setsthe 1/0 direction of each pin per bit.

When a bit of the DDR3 corresponding to a pin of port 3is set to "1", the pin functions as an output port.
When the hit is set to "0", the pin functions as an input port.

Note:
Because the DDR3 register iswrite only, bit manipulation instructions (SETB, CLRB) do not apply.

@ Setting a port pin to serve external interrupts

If apin of port 3isused as an external interrupt input pin, enable the external interrupt circuit operation and
set the pin to function as an input port.

When the pin is set in this mode, its output latch value has no significance.

@® Setting the output from a peripheral enable

If a peripheral with an output pin is used, set the output enable bit of the peripheral enable.

Because the output from the peripheral has priority, the values set on the PDR3 and DDR3 registers in the
bit position corresponding to the output pin for the peripheral have no significance, regardless of the value
output from the peripheral and the output enabled.

@ Setting the input to a peripheral enable

If a peripheral with an input pinis used, set the pin of port 3 for the input to the peripheral to function as an
input port. In this mode, the corresponding output latch value has no significance.
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Table 4.3-3 liststhe functions of port 3 registers.

Table 4.3-3 Functions of Port 3 Registers

Register Data When being When being written Re:?\d/ Address Initial value
name read Write
. . Output latch of "0" isset and
0 Pan TIS;IS "L" level isoutput to the pinin
Port 3 data ' output port mode.
register RIW 000C, | XXXXXXXXg
(PDR3) Pin state s Output latch of "1" is set and
1 - "H" level isoutput to the pinin
H" level.
output port mode.
Output transistor operation is
Port 3 data 0 disabled anq the pi.n issetto
direction Read serve as an input pin.
- prohibited w 000Dy 000000005
register (write only) Output transistor operation is
(DDR3) 1 enabled and the pinisset to
serve as an output pin.

R/W : Readable and Writable
W : Writeonly
X :Undefined

@® Port 3 pull-up setting register (PUL3)

The bits of the pull-up setting register correspond to the pins of port 3 in one-to-one correspondence. When
the pull-up resistor is selected by using the pull-up setting register, the pin state will be "H" level (pull-up
state) instead of Hi-Z during stop (SPL = 1). During a reset, however, the pull-up is invalid and the pin
remains at Hi-Z.

Figure 4.3-2 shows the pull-up resistor settings assigned to the values of the bits of the port 3 pull-up
register.

Figure 4.3-2 Pull-up Setting Register (PUL3)

Address  bit7 bit6  bit5 bit4 bit3  bhit2  bitl bit0  Initial value
00714 {PuL37 [PuL36|PUL35|PUL34|PUL33[PUL32|PUL31] PUL30| 000000008
RW RW RW RW RW RMW RMW RW

| | | | |
\H PUL33 PUL32 PUL31 PUL30
P33 pull-up OFF | P32 pull-up OFF | P31 pull-up OFF| P30 pull-up OFF
P33 pull-up ON | P32 pull-up ON | P31 pull-up ON | P30 pull-up ON
PUL37 PUL36 PUL35 PUL34
P37 pull-up OFF | P36 pull-up OFF | P35 pull-up OFF | P34 pull-up OFF
P37 pull-up ON [ P36 pull-up ON | P35 pull-up ON | P34 pull-up ON

R/W : Readable and Writable
[ : Initial value
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4.3.2

Operations of Port 3 Functions

This section describes the operation of port 3.

m Operation of Port 3
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@ Operation in output port mode

When "1" iswritten for abit of the DDR3 register, the bit corresponding to a pin of port 3, the pin functions
as an output port.

In output port mode, output transistor operation is enabled and output latch datais output to the pin.

Once data has been written into the PDR3 register, the written data is held in the output latch and output to
thepinasitis.

The value state of the pin can be read by reading the PDR3 register.

@ Operation in input port mode

When "0" iswritten for abit of the DDR3 register, the bit corresponding to a pin of port 3, the pin functions
asan input port.

In input port mode, the output transistor is OFF and the pin state is Hi-Z.

Once data has been written into the PDR3 register, the written data is held in the output latch but is not
output to the pin.

The value state of the pin can be read by reading the PDR3 register.

@ Operation in external interrupt input mode

Set a bit of the DDR3 register to "0, the bit corresponding to a pin of port 3 that is to serve as an externa
interrupt input pin, to set the pin to function as an input port.

The value state of the pin can be read by reading the PDR3 register regardless of whether or not the
externa interrupt inputs or interrupt request outputs are enabled.

@ Operation in mode enabling the output from a peripheral

When the output enable bit for a peripheral is set to enable, the corresponding pin is set to serve the output
from the peripheral.

Because the value state of the pin can be read from the PDR3 register even when the output from the
peripheral is enabled, the value output from the peripheral can be read.

@® Operation in mode enabling the input to a peripheral

Set abit of the DDR3 register to "0", the bit corresponding to the pin of port 3 assigned for the input to the
desired peripheral, for the pin to function as an input port.

The value state of the pin is aways input to the peripheral (except during stop mode).

The value state of the pin can be read by reading the PDR3 register regardiess of whether or not the
peripheral is using the input pin.



® Operation when a reset is performed
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When the CPU is reset, the bits of the DDR3 register are initialized to "0", a which time the output
transistors become OFF (input port mode) and the pins become Hi-Z.

However, CPU resets do not initialize the PDR3 register. If a pin is used as an output port after the reset,
reinitialize the PDR3 register to contain new output data in the bit position corresponding to the pin and
then set the corresponding bit of the DDR3 register so that the pin will function as an output port.

@ Operation in stop mode

When the pin state setting bit of the standby control register (STBC: SPL) is set to "1" and when the stop
mode is entered, the pin becomes Hi-Z because the output transistor is turned OFF regardless of the value
existing on the DDRS3 register in the bit position corresponding to the pin.

Table 4.3-4 summarizes the operating modes of the pins of port 3.

Table 4.3-4 Operating Modes of Pins of Port 3

Normal operation, sleep, stop

Pin name (SPL = 0) Stop (SPL =1) At areset
PSO/UfOK/SCK General-purpose I/O port may also Hi-Z
P33/EC, P37/BZ/PPG serve /O for peripherals
Hi-Z
P34/TO/INT10 General-purpose |/O port may also Hi-Z
to serve outputs from peripherals and (External interrupt input)
P36/INT12 external interrupt inputs pting

SPL : Pin state setting bit of standby control register (STBC: SPL)

Hi-Z: High impedance

Note:

When the pull-up resistor is selected by using the pull-up setting register, the pin state will be "H" level
instead of Hi-Z in stop mode (SPL = 1). During a reset, however, the pull-up is invalid with the pin
remaining at Hi-Z.
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4.4 Port 4

Port 4 is atype of I/O port that is switched between CMOS push-pull and N-ch open-
drain and may also serve analog inputs. Each pin of this port can be used for
peripherals or normal port function that can be selected according to the setting of the
bit corresponding to the pin on a specific register.

This section explains the 1/0O port function of CMOS push-pull/ N-ch open-drain type.
This section also describes port 4 concerning to the structure, pins, a block diagram of
pins, and associated registers.

m Structure of Port 4
Port 4 comprises the following four elements:

e Typeof I/O pinsthat are switched between CMOS push-pull and N-ch open-drain and analog input pins
(P40/ANO to P43/AN3)

« Port 4 dataregister (PDR4)
e Port 4 datadirection register (DDR4)
« Port 4 output format setting register (OUT4)

m Pins of Port 4
Port 4 has four 1/0 pins of CMOS push-pull/N-ch open-drain.
These pins can a so be used as analog input pins.

Those pins that are used for analog inputs cannot be used as a general-purpose 1/0 port. Table 4.4-1 lists
the pins of port 4.

Table 4.4-1 Pins of Port 4

Port Pin _ Perl_pherals f_or Input and output form Circuit
name name Function which the pin tvpe
may serve Input Output yp
PA0/ANO P401/0O ANO analog input 0
P41/AN1 P411/0 ANZlanadoginputl | ~pvos CMOS push-
Port 4 al pull/N-ch open- F
P42/AN2 P42 1/0 AN2 analoginput2 | a&0g drain
PA3/AN3 P431/0 AN3 analog input 3

For circuit type, see Section "1.7 Pin Functions Description " and "1.8 1/O Circuit Types".
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Figure 4.4-1 Block Diagram of Port 4
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B Registers of Port 4

Theregisters PDR4, DDR4, and OUT4 are associated with port 4.
The bits of these registers correspond to the pins of port 4 in one-to-one correspondence.

Table 4.4-2 tabulates the correspondence between the pins and the bits of the port 4 registers.

Table 4.4-2 Correspondence between the Pins and the Bits of the Port 4 Register

Port name Bits of associated registers and corresponding pins
PDR4, DDR4, OUT4 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Port 4
Pin corresponding to bit - - - - P43 P42 P41 P40
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4.4.1

Registers of Port 4 (PDR4)

This section describes the registers associated with port 4.

B Functions of Port 4 Registers

@ Port 4 data register (PDR4)

Table 4.4-3 Functions of Port 4 Registers

The PDR4 register indicates the state of the pins. For a pin set to function as an output port, the same value
("0"or "1") as held by the output latch can be read from this register. If the pin is set to function as an input

port, however, its output latch value cannot be read from the register.

Note:

When a bit manipulation instruction (SETB, CLRB) is executed, the output latch values, not the value
states of the pins, are read; thus, output latch values, excepting those for bits to be manipulated, do not

change.

Table 4.4-3 liststhe functions of the port 4 registers.

Register . . . Read/ Initial
ngme Data When being read When being written Write Address value
Output latch of "0" is set and
0 Pin stateis"L" level. "L" level is output to the pin
in output port mode.
(I;’gtr;4 N-ch open- Output latch of "1" is set and
register _ drain type _the pinin output port mode R/W 000F ----XXXXg
Pin state isset at Hi-Z.
(PDR4) 1 is"H"
level. CMOS Output latch of "1" is set and
push-pull "H" level is output to the pin
type in output port mode.
The pinisset to function as
Port 4 0 Input port pin input pin with output
data transistor operation disabled.
direction R/W 0010y ----0000g
register The pinisset to function as
(DDR4) 1 Output port pin output pin with output
transistor operation enabled.
Port 4 : Output format of the pinis
output 0 N-ch open-drain type set to N-ch open-drain type.
format
setting Output format of the pinis RIW 0011 ----0000g
register 1 CMOS push-pull type set to CMOS push-pull type.
(OUT4)

R/W : Readable and Writable
X Undefined
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Operations of Port 4 Functions

This section describes the operation of port 4.

m Operation of Port 4

@ Operation in output port mode

When "1" iswritten for abit of the DDRA4 register, the bit corresponding to a pin of port 4, the pin functions
as an output port.

In output port mode, the output transistor operation is enabled and output latch data is output to the pin.

By setting the bit corresponding to the pin on the OUT4 register, N-ch open-drain or CMOS push-pull type
can be selected as the output format of the pin.

Once data has been written into the PDR4 register, the written data is held in the output latch and output to
thepinasitis.
The value state of the pin can be read by reading the PDR4 register.

@® Analog input mode setting

Set a bit of the DDR4 register to "0", the bit corresponding to a pin of port 4 assigned for desired analog
input, so that its output transistor is set to OFF and the pinis set at Hi-Z.

Its output latch value can be read by reading the PDR4 register.

Set the bit of the ADEN register of the A/D converter to "1", the bit corresponding to the analog input pin
inuse.

@® Operation when a reset is performed

When the CPU is reset, the bits of the PDR4 register are initialized to "1". Thus, the output transistors
become OFF (input port mode) and the pins become Hi-Z.

@® Operation in stop mode

When the pin state setting bit of the standby control register (STBC: SPL) is set to "1" and when the stop
mode is entered, the pin becomes Hi-Z because the output transistor is turned OFF regardless of the value
existing on the DDR4 register in the bit position corresponding to the pin. Input remains fixed to prevent
leaks by input open.

Table 4.4-4 summarizes the operating modes of the pins of port 4.

Table 4.4-4 Operating Modes of Pins of Port 4

Pin name Normal operation, sleep, stop (SPL =0) Stop (SPL =1) At areset
PAO/ANO to PAZ/AN3 | SEnera-purposel/O port may also serve /O Hi-Z Hi-Z
for peripherals

SPL : Pin state setting bit of standby control register (STBC: SPL)
Hi-Z: High impedance
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4.5 Port 5

Port 5 is a general-purpose I/O port and may also serve the input/output for peripherals.
The pins of this port can be used for peripherals or normal port function that can be
selected according to the setting of the bit corresponding to the pin on a specific
register.

This section explains the general-purpose I/O function of the port.

This section also describes port 5 concerning to the structure, pins, a block diagram of
pins, and associated registers.

m Structure of Port 5
Port 5 comprises the following four elements:
e General-purpose I/0 pins (PS0/PWM)
e Port 5 dataregister (PDR5)
e Port 5 datadirection register (DDR5)
e Port 5 pull-up setting register (PUL5)
m Pins of Port 5
Port 5 has one CMOS I/O pin.

Table 4.5-1 providesinformation on the pin of port 5.

Table 4.5-1 Pin of Port5

Input and output

Port Pin name Function Perlphgrals for which the form Circuit
name pin may serve type
Input Output
Port 5 P50/PWM P50 general- PWM (8-bit PWM/timer CMOS CMOS E
purpose I/0 output)

For circuit type, see Section "1.7 Pin Functions Description " and "1.8 1/O Circuit Types".
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m Block Diagram of Port 5

Figure 4.5-1 Block Diagram of Port 5
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B Registers of Port 5
Theregisters PDR5, DDR5, and PULS5 are associated with port 5.
One of the bits of these registers corresponds to one pin of port 5.
Table 4.5-2 tabulates the correspondence between the pin and a bit of the port 5 registers.
Table 4.5-2 Correspondence between the Pin and a Bit of the Port 5 Registers
Port name Bits of associated registers and corresponding pins
PDRS5, DDR5, PUL5 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Port 5
Pin corresponding to bit - - - - - - - P50
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45.1 Registers of Port 5 (PDR5, DDR5, PUL5)

This section describes the registers associated with port 5.

B Functions of Port 5 Registers

® Port 5 data register (PDR5)

The PDRS5 register indicates the state of pins. For a pin set to function as an output port, the same value
("0" or "1") as held by the output latch can be read from this register. If the pinis set to function as an input
port, however, its output latch value cannot be read from the register.

Note:

When a bit manipulation instruction (SETB, CLRB) is executed, the output latch values, not the value
states of the pins, are read; thus, output latch values, excepting those for bits to be manipulated, do not
change.

® Port 5 data direction register (DDR5)

A bit of the DDRS5 register setsthe 1/0 direction of the pin corresponding to the bit.

When the bit of the DDRS register is set to "1", the pin functions as an output port. When the bit is set to
"0", the pin functions as an input port.

@® Setting the output from a peripheral enable

If a peripheral with an output pin is used, set the output enable bit of the peripheral enable.

Asiit is apparent from the block diagram, the pin in this mode serves output from the peripheral, thereby
superseding its general -purpose port function.

Because the output from the peripheral has priority, the values set on the PDR5 and DDRS registers for the

output pin used for the peripheral have no significance, regardless of the value output from the peripheral
and the output enabled.

Table 4.5-3 liststhe functions of the port 5 registers.
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Register Data When being Wheq being Read/Write Address Initial value
name read written
Output latch of "0" is
0 Pin stateis"L" setand "L" level is
level. output to the pinin
Port 5 data output port mode.
register RIW 00012y | --- Xg
(PDR5) Output latch of "1" is
1 Pin stateis"H" set and thepinin
level. output port modeis
set at Hi-Z.
Thepinissetto
function as an input
0 [nput port pin pin with output
Port 5 data lransistor operation
direction RIW 0013y | e
register The pinisset to
(DDRS) function as an output
1 Output port pin | pin with output
transistor operation
enabled.

R/W : Readable/Writable

X : Undefined

@® Port 5 pull-up setting register (PUL5)

When the ON setting of the pull-up resistor is selected by using the pull-up setting register, the pin state
will be"H" level (pull-up state) instead of Hi-Z during stop (SPL = 1). During a reset, however, the pull-up

isinvalid and the pin remains at Hi-Z.

Figure 4.5-2 Pull-up Setting Register (PUL5)

Address bit7  bit6 bit5  bit4 bit3 bit2  bitl  bit0 Initial value
o2 — ] — ] — [ — ] — T — ] — Juso] —0s
R/W

R/W : Readable/Writable
— : Unused
[ : Initial value

PUL50

0 |P50 pull-up OFF

1 [P50 pull-up ON
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4.5.2

Operations of Port 5 Functions

This section describes the operation of port 5.

m Operation of Port 5

@ Operation in output port mode

When "1" is written for a bit of the DDR5 register, the bit corresponding to the pin of port 5, the pin
functions as an output port.

In output port mode, the output transistor operation is enabled and the output latch datais output to the pin.

Once data has been written into the PDR5 register, the written data is held in the output latch and output to
thepinasitis.

The value state of the pin can be read by reading the PDRS5 register.

@ Operation in input port mode

When "0" is written for a bit of the DDR5 register, the bit corresponding to the pin of port 5, the pin
functions as an input port.

In input port mode, the output transistor is OFF and the pin state is Hi-Z.

Once data has been written into the DDR5 register, the written data is held in the output latch but is not
output to the pin.

The value state of the pin can be read by reading the PDRS5 register.

@ Operation in mode enabling the output from a peripheral

When the output enable bit for a peripheral is set enable, the corresponding pin is set to serve the output
from the peripheral.

Because the value state of the pin can be read from the PDRS5 register even when the output from the
peripheral is enabled, the value output from the peripheral can be read.

@ Operation when a reset is performed

When the CPU is reset, the bits of the DDR5 register are initialized to "0". Thus, the output transistor
becomes OFF (input port mode) and the pin becomes Hi-Z.

However, CPU resets do not initialize the PDR5 register. If the pin is used as an output port after the reset,
reinitialize the PDR5 register to contain new output data in the bit position corresponding to the pin and
then set the corresponding bit of the DDR5 register so that the pin will function as an output port.

® Operation in stop mode
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When the pin state setting bit of the standby control register (STBC: SPL) is set to "1" and when the stop
mode is entered, the pin becomes Hi-Z because the output transistor is turned OFF regardless of the value
existing on the DDRS5 register in the bit position corresponding to the pin. Input remains fixed to prevent
leaks by input open.
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Table 4.5-4 summarizes the operating modes of the pin of port 5.

Table 4.5-4 Operating Modes of Pin of Port 5

Pin name Normal operation, sleep, stop (SPL = 0) Stop (SPL =1) At a reset

P50/PWM | General-purpose I/0 port further may serve |/O for peripherals Hi-Z Hi-Z

SPL : Pin state setting bit of standby control register (STBC: SPL)
Hi-Z: High impedance
Note:

If the pull-up resistor is selected by using the pull-up setting register, the pin state will be "H" level
(pull-up state) instead of Hi-Z in stop mode (SPL = 1). During a reset, however, the pull-up isinvalid
with the pin remaining at Hi-Z.
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4.6

Port 6

Port 6 is a general-purpose I/O port.
This section describes the port function when operating as general-purpose 1/O port.

This section also describes the structure, pins, the block diagram of pins, and

associated registers of port 6.

m Structure of Port 6

Port 6 comprises the following four elements:
» General-purpose I/0 pins (input pins P61-P60 for MB89F202/F202RA)
« Port 6 dataregister (PDR6)
« Port 6 data direction register (DDR6, not used in MB89F202/F202RA)
e Port 6 pull-up setting register (PUL6)
m Pins of Port 6
Port 6 has 2 1/0 pins of CMOS input type (they are input only pinsfor MB89F202/F202RA).

Table 4.6-1 liststhe pins of port 6.

Table 4.6-1 Pins of Port 6

Peripherals for

Input and output form

Port name Pin name Function which a pin may Circuit
serve Input Output | type
P60 P60 general- ) CMOS ] e
purpose I/0O*
Port 6
P61 P61 general- ) CMOS ] e
purpose |/O*
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*: P61 and P60 are general-purpose input port for MB89F202/F202RA.

For circuit type, see Section "1.7 Pin Functions Description " and "1.8 1/O Circuit Types".




m Block Diagram of Port 6

Figure 4.6-1 Block Diagram of Port6
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B Registers PDR6, DDR6, and PULG6 of Port 6
Registers PDR6, DDR6, and PUL 6 are associated with port 6.

The bits of these registers correspond to the pins of port 6 in one-to-one correspondence.

Table 4.6-2 tabulates the correspondence between the pins and the bits of the port 6 registers.

Table 4.6-2 Correspondence between the Pins and the Bits of Port 6 Registers

Port name Bits of associated registers and corresponding pins

PDR6, DDR6, PUL6 bit7 bit6 bit5 bit4 bit3 bit2 bitl

bit0

Port 6
Pin corresponding to bit - - - - - - P61*

P60*

*: DDR control is not used for this bit in MB89F202/F202RA.
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4.6.1 Registers of Port 6 (PDR6, DDR6, PULG)

This section describes the registers associated with port 6.

B Functions of Port 6 Registers

@ Port 6 data register

The PDR® register indicates the state of the output latch. For a pin set to function as an output port, the
same value ("0" or "1") as the value state of the output pin can be read from this register. If the pinis set
to function as an input port, however, its output latch value cannot be read from the register.

Note:

When a bit manipulation instruction (SETB, CLRB) is executed, the output latch values, not the value
states of the pins, are read; thus, output latch values, other than those for bits to be manipulated, do not
change.

® Port 6 data direction register (DDR6 for P60, P61)

The DDR6 register setsthe 1/0 direction of each pin per bit.

When a bit of the DDR6 corresponding to a pin of port 6 is set to "1", the pin functions as an output
port. When the bit is set to "0", the pin functions as an input port.

Table 4.6-3 liststhe functions of the port 6 registers.

Table 4.6-3 Functions of Port 6 Registers

Rﬁglns]';er Data Wherr;;demg When being written l\j\?r?tde/ Address Initial value
. . Output latch of "0" isset and
0 PI|_n fte?/t; IS "L" level is output to the pin
Port 6 data ' in output port mode.
; R/W 00604 |  ------ XXg
register (PDR6) Bin state is Output latch of "1" is set and
1 |'_| Ievell "H" level isoutput to the pin
' in output port mode.
Output transistor operation
0 Input port isdisabled and the pinis set
Port 6 data to serve asan input pin.
direction R/W o061l | - 00g
register (DDR6) Output transistor operation
1 Output port isenabled and the pin is set
to serve as output pin.

R/W : Readable/Writable
X :Undefined
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® Port 6 pull-up setting register (PUL6)

The bits of the pull-up setting register correspond to the pins of port 6 in one-to-one correspondence.
When the pull-up resistor is selected by using the pull-up setting register, the pin will be at "H" level
(pull-up state) instead of Hi-Z during stop (SPL = 1). During areset, however, the pull-up isinvalid and
the pin remains at Hi-Z.

Figure 4.6-2 shows the pull-up resistor settings assigned to the values of the bits of the port 6 pull-up
setting register.

Figure 4.6-2 Pull-up Resistor Settings (PUL6)

Address bit7 bit6 bit5  bit4 bit3  bit2  bitl bit0 Initial value
0062H | - | - | - | - | - | - |PUL61|PUL60| ------ 008
- - - - - - RW RW
PUL61 PUL6G0
R/W : Readable/Writable 0 P61 pull-up OFF | P60 pull-up OFF
[ : Initial value 1 P61 pull-up ON | P60 pull-up ON
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4.6.2 Operations of Port 6 Functions

This section describes the operation of port 6.

m Operation of Port 6

@ Operation in output port mode

When "1" is written for a bit of the DDR6 register, the bit corresponding to a pin of port 6, the pin
functions as an output port.

In output port mode, the output transistor operation is enabled and the output latch data is output to the
pin.

Once data has been written into the PDR®6 register, the written datais held in the output latch and output
tothepinasitis.

The value state of the pin can be read by reading the PDR6 register.

@® Operation in input port mode

When "0" is written for a bit of the DDR6 register, the bit corresponding to a pin of port 6, the pin
functions as an input port.

In input port mode, the output transistor is OFF and the pin statusis Hi-Z.

Once data has been written into the PDR6 register, the written data is held in the output latch but is not
output to the pin.

The value state of the pin can be read by reading the PDR6 register.

@ Operation when a reset is performed

When the CPU is reset, the bits of the DDRG6 register are initialized to "0". Thus, all output transistors
become OFF and the pins become Hi-Z.

However, CPU resets do not initialize the PDR6 register. If a pin is used as an output port after the
reset, reinitialize the PDR6 register to contain new output data in the bit position corresponding to the
pin and then set the corresponding bit of the DDR6 register so that the pin will function as an output
port.

@ Operation in stop mode

When the pin state setting bit of the standby control register (STBC: SPL) is "1" and when the stop
mode is entered, the output transistor is turned OFF and the pin becomes Hi-Z because the output
transistor is forcibly turned OFF without respect to the value existing on the DDR6 register in the bit
position corresponding to the pin.

Input remains fixed to prevent leaks by input open.

Table 4.6-4 summarizes the operating modes of the pins of port 6.
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Table 4.6-4 Operating Modes of Pins of Port 6

Pin name Normal operation, sleep, stop (SPL =0) Stop (SPL =1) At areset

P60, P61 General-purpose 1/0 port Hi-Z Hi-Z

Note:

When the pull-up resistor is selected by using the pull-up setting register, the pin state will be "H" level
instead of Hi-Z in stop mode (SPL = 1). During a reset, however, the pull-up is invalid with the pin
remaining at Hi-Z.
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4.7 Port 7

Port 7 is a general-purpose 1/O port.

This section describes the port function when operating as general-purpose 1/O port.
This section also describes the port structure, pins, the pin block diagram associated
registers of port 7.

m Structure of Port 7
Port 7 comprises the following four elements:
e Genera-purpose 1/0 pin (P70 to P72)
e Port 7 dataregister (PDR7)
e Port 7 data direction register (DDR7)
e Port 7 pull-up setting register (PUL7)
m Pins of Port 7
Port 7 has3 CMOS I/O pin.
Table4.7-1 liststhe pins of port 7.

Table 4.7-1 Pins of Port 7

Input and output form Circuit
Port name Pin name Function ;
Input Output ype
Port 7 P70 to P72 General-purpose I/O CMOSs CMOS E

For circuit type, see Section "1.7 Pin Functions Description " and "1.8 1/0O Circuit Types".
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m Block Diagram of Port 7

Figure 4.7-1 Block Diagram of Port 7
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B Registers PDR7, DDR7, and PUL7 of Port 7
Registers PDR7, DDR7, and PUL7 are associated with port 7.
The bits of these registers correspond to the pins of port 7 in one-to-one correspondence.

Table 4.7-2 tabulates the correspondence between the pins and the bits of the port 7 registers.

Table 4.7-2 Correspondence between the Pins and the Bits of the Port 7 Registers

Port name Bits of associated registers and corresponding pins
PDR7, DDR7, PUL7 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Port 7
Pin corresponding to bit - - - - - P72 P71 P70
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4.7.1 Registers of Port 7 (PDR7, DDR7, PUL7)

This section describes the registers associated with port 7.

B Functions of Port 7 Registers

@ Port 7 data register (PDR7)

The PDRY register indicates the state of the output latch. For a pin set to function as an output port, the
same value ("0" or "1") as the value state of the output pin can be read from this register. If the pinis set
to function as an input port, however, its output latch value cannot be read from the register.

Note:

When a bit manipulation instruction (SETB, CLRB) is executed, the output latch values, not the value
states of the pins, are read; thus, output latch values, other than those for bits to be manipulated, do not
change.

@ Port 7 data direction register (DDR7)

The DDRY register setsthe 1/0 direction of each pin per bit.

When a bit of the DDR7 corresponding to a pin of port 7 is set to "1", the pin functions as an output
port. When the bit is set to "0", the pin functions as an input port.

Table 4.7-3 liststhe functions of the port 7 registers.

Table 4.7-3 Functions of Port 7 Registers

Register Data When being When being written Re"?‘d’ Address Initial value
name read Write
Pin stateis E)L{cputlat_chof 0 |ssetar_1d
0 " level L" level isoutput to the pin
' in output port mode.
Port 7 daﬁFfDm RIW 0063, | - XXXg
register ( ) . . Output latch of "1" is set and
Pin stateis wLgn . .
1 g H" level is output to the pin
H" level. :
in output port mode.
Output transistor operation
0 Input port isdisabled and the pinis set
Port 7 data to serve as an input pin.
direction R/W 0064y | - 0005
register (DDRY) Output transistor operation
1 Output port isenabled and the pin is set
to serve as output pin.

R/W : Readable and Writable
X Undefined
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® Port 7 pull-up setting register (PUL7)

The bits of the pull-up setting register correspond to the pins of port 7 in one-to-one correspondence.
When the pull-up resistor is selected by using the pull-up setting register, the pin will be at "H" level
(pull-up state) instead of Hi-Z during stop (SPL = 1). During areset, however, the pull-up isinvalid and

the pin remains at Hi-Z.

Figure 4.7-2 shows the pull-up resistor settings assigned to the values of the bits of the port 7 pull-up

register.

Figure 4.7-2 Pull-up Resistor Settings (PUL7)

Address bit7 bit6

bit5  bit4 bit3  bit2  bitl

bit0 Initial value

00654 | - |

| - | - | - [purz|puL7i|PuL70| 0008

R/W : Readable/Writable
1 : Initial value

- RW R/W R/W

PUL72 PUL71 PUL70
P72 pull-up OFF | P71 pull-up OFF [ P70 pull-up OFF
1 P72 pull-up ON | P71 pull-up ON | P70 pull-up ON
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4.7.2 Operations of Port 7 Functions

This section describes the operation of port 7.

m Operation of Port 7

@ Operation in output port mode

When "1" is written for a bit of the DDR7 register, the bit corresponding to a pin of port 7, the pin
functions as an output port.

In output port mode, the output transistor operation is enabled and the output latch data is output to the
pin.

Once data has been written into the PDRY register, the written datais held in the output latch and output
tothepinasitis.

The value state of the pin can be read by reading the PDR7 register.

® Operation in input port mode

When "0" is written for a bit of the DDR7 register, the bit corresponding to a pin of port 7, the pin
functions as an input port.

In input port mode, the output transistor is OFF and the pin statusis Hi-Z.

Once data has been written into the PDRY register, the written data is held in the output latch but is not
output to the pin.

The value state of the pin can be read by reading the PDR7 register.

@ Operation when a reset is performed

When the CPU is reset, the bits of the DDRY register are initialized to "0". Thus, al output transistors
become OFF and the pins become Hi-Z.

However, CPU resets do not initialize the PDR7 register. If a pin is used as an output port after the
reset, reinitialize the PDR7Y register to contain new output data in the bit position corresponding to the
pin and then set the corresponding bit of the DDR7 register so that the pin will function as an output
port.

@® Operation in stop mode

When the pin state setting bit of the standby control register (STBC: SPL) is "1" and when the stop
mode is entered, the output transistor is turned OFF and the pin becomes Hi-Z because the output
transistor is forcibly turned OFF without respect to the value existing on the DDRY register in the bit
position corresponding to the pin.

Input remains fixed to prevent leaks by input open.
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Table 4.7-4 summarizes the operating modes of the pins of port 7.

Table 4.7-4 Operating Modes of Pins of Port 7

Pin name Normal operation, sleep, stop (SPL =0) Stop (SPL =1) At areset

P70to P72 General-purpose 1/0 port Hi-Z Hi-Z

Note:

When the pull-up resistor is selected by using the pull-up setting register, the pin state will be "H" level
instead of Hi-Z in stop mode (SPL = 1). During a reset, however, the pull-up is invalid with the pin
remaining at Hi-Z.
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4.8 Programming Example of 1/0 Port

This section provides an example of programming with I/O ports.

m 1/O Port Programming Example

@® Processing specification

Ports 0 and 3 are used to light all seven segments of LED (eight segmentsif the decimal point isincluded).

Pin POO is connected to the anode common pin of LED and pins P30 to P37 are connected to the pins of the
segments.

Figure 4.8-1 provides an example of the pins and the 8-segment LED connected.

Figure 4.8-1 Example of the Pins and the 8-segment LED Connected

MB89202/V201/F202/F202RA

P00 AN J
:Z 4>0JW\T -
0| T AT
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® Coding example

PDRO EQU 0000H
DDRO EQU 0001H
PDR3 EQU 000CH
DDR3 EQU 000DH

Address of port O data register
Address of port 0 data direction register
Address of port 3 dataregister
Address of port 3 data direction register

; Main program
CSEG
CLRB PDRO:0
MOV PDR3,#11111111B
MOV DDRO#11111111B

MOV DDR3,#11111111B

ENDS

[CODE SEGMENT]

Set POO at "L" level.

Set al pins of port 3at "H" level.

Set P00 to function as an output port by coding
HXXXXXXX1B.

Set all bits of DDR3 such that al pins of port 3 function
as an output port.

END



CHAPTER 5

TIME-BASE TIMER

This chapter describes the functions and operations of
the time-base timer.

5.1 Overview of Time-base Timer

5.2 Configuration of Time-base Timer

5.3 Time-base Timer Control Register (TBTC)
5.4 Interrupt of Time-base Timer

5.5 Operations of Time-base Timer Functions
5.6 Notes on Using Time-base Timer

5.7 Program Example for Time-base Timer
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51 Overview of Time-base Timer

The time-base timer functions as an interval timer. The time-base timer is a 21-bit free-
run counter that counts up in synchronization with the internal count clock (at the
oscillation frequency divided by 2). The timer also has an interval timer function to
select one of four time intervals. In addition, it provides timer output for oscillation
stabilization time and an operation clock for the watchdog timer.

The time-base timer stops operating in modes in which oscillation stops.

W Interval Timer Function
Theinterval timer function is used to continuously generate interrupts at specified intervals.

* Aninterrupt occurs when the interval timer bits of the time-base timer counter overflow.
« Oneof four timeintervals can be selected by setting the interval timer bits.

Table 5.1-1 lists the time intervals for the time-base timer.

Table 5.1-1 Time Intervals for Time-base Timer

Internal count clock cycle Time interval

213/Fcy (Approximately 0.66 ms)

21%Fcy (Approximately 2.6 ms)
2IF ¢y (0.16 us)

218Fcy (Approximately 21.0 ms)

2%|Fcy (Approximately 335.5 ms)

Fcn: Oscillation frequency
The values enclosed in parentheses are time intervals when the oscillation frequency is 12.5 MHz.

B Clock Supply Function
The clock supply function is used to provide one of three timer outputs for the oscillation stabilization wait
time and the operation clock for the resource function.

Table 5.1-2 lists cycles of the clock that the time-base timer suppliesto peripherals.

Table 5.1-2 Clock Cycles Supplied by Time-base Timer (1/2)

Clock supplied to Clock cycle Remarks

2Y%Fcy (Approximately 1.31 ms)

Selected by the oscillation stabilization time
2Y7IF ey (Approximately 10.49 ms) selection bits (SYCC: WT1, WTO) of the clock
control section system clock control register.

Oscillation
stabilization time

218/F, (Approximately 20.97 ms)
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Table 5.1-2 Clock Cycles Supplied by Time-base Timer (2/2)

Clock supplied to Clock cycle Remarks
Watchdog timer 2%|F, (Approximately 335.5 ms) Watchdog timer count up clock
A/D converter 28/FCH (Approximately 20.5 ps) Continuous activation clock

Fcn: Oscillation frequency
The values enclosed in parentheses are time intervals when the oscillation frequency is 12.5 MHz.

Note:

Because oscillation cycles vary immediately after oscillation starts, the oscillation stabilization wait
timeislisted for reference.
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5.2 Configuration of Time-base Timer

The time-base timer consists of the following four function blocks.
* Time-base counter

» Counter clear circuit

* Interval timer selector

» Time-base timer control register (TBTC)

m Block Diagram of Time-base Timer

Figure 5.2-1 Block Diagram of Time-base Timer

> To A/D converter
To watchdog timer

Time-base timer counter I
Fen T T T T T T T 5
divided — ><21|><22|><23| ~~~|x26|><27 ><23|><29|x21°|><211|x212|x213|><214|x215|x215|><217| ~-~|><220|><221| :
y e e R — !
i > | To clock control
Clearing counter section oscillation
stabilization time
selector
Clearing watchdog timer «—————¢ OF
OF
OF OF
Power-on reset K
Counter Interval timer
Starting stop mode ——{ clear selector
(in normal mode) circuit ]
IRQ7 (time-base timer interrupt)
OF: Overflow [tBor[TBIE] — [ — | — [7BC1|TBCO] TBR]
Fen: Oscillation frequency Time-base timer control register (TBTC)

® Time-base timer counter

A 21-bit up counter that accepts the oscillation frequency divided by two as the count clock and stops
operating when oscillation stops.

@® Counter clear circuit

Clears the counter when the TBTC register is set (TBR = 0), stop mode is entered (STBC: STP=1), or a
power-on reset occurs.

® Interval timer selector

Selects 1 bit for the interval timer from four bits in the time-base counter. When the specified bit overflows,
an interrupt occurs.

@® Time-base timer control register (TBTC)

Selects atime interval, clears the counter, controls interrupts, or checks the status.
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5.3 Time-base Timer Control Register (TBTC)

The time-base timer control register (TBTC) selects a time interval, clears the counter,
controls interrupts, or checks the status.

B Time-base Timer Control Register (TBTC)

Figure 5.3-1 Time-base Timer Control Register (TBTC)

Address Dbit7 bit6 bit5 bit4 bit3 bit2 bitl bitO Initial value

000AH [TBOF[ TBIE] — | — | — [1BC1]TBCO] TBR| 00---0008
R/W R/W R/W R/W R/W
I | |
L TBR ~==d Time-base timer initialization bit s
0 — The time-base timer counter is cleared.
1 |"1"is always read. Nothing is changed and affected.
—TBC1| TBCO Time interval selection bits
0 0 213/Fcy
0 1 215/Fch
1 0 218/Fch
1 1 222|Fcy
Fch: Oscillation frequency

TBIE Interrupt request enable bit
0 The interrupt request output is disabled.
1 The interrupt request output is enabled.

Overflow interrupt request flag bit

TBOF Read Write
0 |The specified bit has not overflowed. | This bit is cleared.
1 [The specified bit has overflowed. Nothing is changed and affected.

R/W : Readable/Writable

— : Unused
[ : Initial value
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Table 5.3-1 Explanation of Functions of Each Bit in Time-base Timer Control Register (TBTC)

Bit name Description
e Thisbhitisset to"1" when the specified bit of the time-base timer counter
TBOE: overflows.
. o e Aninterrupt request is sent when this bit and the interrupt request enable bit
bit7 | Overflow interrupt request wan
flag bit (TBIE) are both "1".
ag e Whilethishit iswritten, it is cleared when "0" is specified, and nothing is
changed and affected when "1" is specified.
i This bit enables or disables an interrupt request to be output to the CPU. An
bit6 TBIE: interrupt request is output when this bit and the overflow interrupt request flag bit
Interrupt request enable bit (TBOF) are both "1".
bit5 . .
o Unused bits ¢ These bits are undefined when they are read.
bit3 « Nothing is affected when they are written.
bit2, | TBCL TBCO: . Th8§e bits spe;mfy a.t| me mter_val for thellnterval timer. y
: o : . e Theinterval timer bits of the time-base timer counter are specified.
bitl | Timeinterval selection bits L
e One of four timeintervals can be selected.
e Thisbit clears the time-base timer counter.
TBR: e Thecounter is cleared to 000000 when "0" is written to this bit, nothing is
bit0 | Time-base timer changed and affected when "1" is written.
initialization bit Note:

Thishit isalways"1" at the beginning of reading.
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54 Interrupt of Time-base Timer

The time-base timer counter generates an interrupt when the specified bit of the counter
overflows (interval timer function).

B Interrupts when the Interval Timer Function is Enabled

The counter counts up with the internal count clock. When the specified interval timer bit overflows, the
overflow interrupt request flag bit (TBTC: TBOF) is set to "1". Then if the interrupt request enable bit is
enabled (TBTC: TBIE = 1), an interrupt request (IRQ7) is sent to the CPU. When this occurs, use the
interrupt handling routine and set the TBOF bit to "0" to clear the interrupt request. The TBOF hit is set to
"1" when the specified bit overflows regardless of the value of the TBIE bit.

Note:

When the interrupt request is allowed to be output (TBIE = 1) after areset is released, clear the TBOF hit
(TBOF = 0) at the same time.

Note:

* Aninterrupt request is generated immediately after the TBIE bit is set from O (disable) to 1 (enable) if
the TBOF hitis"1".

*  When the counter is cleared (TBTC: TBR = 0) and the specified bit overflows at the same time, the
TBOF bit isnot set.
m Oscillation Stabilization Time and Time-base Timer Interrupts

If atime interval is set the time shorter than the oscillation stabilization time, the interval interrupt request
(TBTC: TBOF = 1) is generated from the time-base timer upon the start of normal mode. In this case,
interrupts from the time-base timer must be disabled (TBTC: TBIE = 0) when switching to stop mode in
which an oscillation is stopped.

B Register and Vector Table Related to Interrupts from Time-base Timer

Table 5.4-1 Register and Vector Table Related to Time-base Timer Interrupts

Interrupt level setting register Address of vector table
Interrupt name
Register Bits to be set High-order Low-order
IRQ7 ILR2 (007Cy) L71 (bit7) L70 (bit6) FFECH FFEDy

See Section "3.4.2 Stepsin the Interrupt Operation " for details on interrupt operations.
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5.5 Operations of Time-base Timer Functions

The time-base timer functions as an interval timer or supplies clocks to some
peripherals.

B Operations of Interval Timer Function (Time-base Timer)

To use as an interval timer, the settings shown below must be made.

Figure 5.5-1 Setting Interval Timer Function

bit7  bit6  bit5 bit4  bit3 bit2 bitl  bit0
t8TC |[TBOF|TBIE| — | — | — |7TBC1|TBCO| TBR |
0 1 © © o
© : Used bit
1 : Setto"1"
0 : Setto"0"

The counter in the time-base timer continues to count up in synchronization with the internal count clock
(at the oscillation frequency divided by two) as long as the clock oscillates.

The counter counts from "0" upon being cleared (TBR = 0). When the interval timer bit overflows, the
overflow interrupt request flag bit (TBOF) is set to "1". In other words, interrupts are generated at specified
intervals, starting from when the counter is cleared.

B Operations of Clock Supply Function

The time-base timer is often used to make oscillation stabilization wait time. The oscillation stabilization
time is measured from when the time-base timer counter is cleared to when the oscillation stabilization bit
overflows. One of three oscillation stabilization time can be selected by the oscillation stabilization time
selection bits of the system clock control register (SYCC: WT1, WTO).

The time-base timer supplies clocks to the watchdog timer and A/D converter. Clearing the time-base timer
counter affects the operation of continuous activation cycles. In addition, when the time-base timer is
cleared, the counter in the watchdog timer is also cleared.

B Operations of Time-base Timer
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Figure 5.5-2 shows the operation of the time-base timer when:

* power-on reset occurs.

« dleep mode is entered while the interval timer function is being performed in normal mode.
* stop modeis entered.

e acounter clear request is generated.

In stop mode, the time-base timer is cleared and stops operating. When returning from stop mode, the time-
base timer counts the oscillation stabilization time.
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Figure 5.5-2 Operations of Time-base Timer

Counter value

1FFFFFy Cleared by switching to stop mode
Oscillation /
stabilization
overflow
0000004
Interval cycle
CPU (TBTC:TBC1,TBCO=11p) Counter clear
operation start (TBTC:TBR=0)

Power-on reset (optional)

Cleared by interrupt handling routine

TBOF bit
TBIE bit — | Sleep
-
SLP bit |

(STBC register)

Exit stop state by IRQ7 Stop

STP bit
(STBC register)

Exit stop state by an external interrupt

Note: When the interval time selection bits of time-base timer control register (TBTC : TBC1, TBCO)
are set to 11 (222/Fch).

|:| : Oscillation stabilization time

123



CHAPTER 5 TIME-BASE TIMER

5.6 Notes on Using Time-base Timer

Notes on using the time-base timer are shown below.

m Notes on Using Time-base Timer

@® Notes on using programs to set time-base timer

When the interrupt request flag bit (TBTC: TBOF) is "1" and the interrupt request enable bit is enabled
(TBTC: TBIE = 1), areturn from interrupt handling is not possible. The TBOF bit must be cleared.

® Clearing time-base timer

The time-base timer is cleared when the time-base timer initialization bit is set to O (TBTC: TBR = 0) or
when the oscillation stabilization time is required. Because the time-base timer is used as the count clock
for the watchdog timer, clearing the time-base timer also clears the watchdog timer.

@® Using time-base timer as oscillation stabilization time timer

Oscillation has not yet started in stop mode or when the power is turned on. Therefore, the time-base timer
makes oscillation stabilization wait time after the resonator starts operating.

The appropriate oscillation stabilization time must be selected according to the type of resonator connected
to the resonator (clock generator).

See Section "3.6.1 Clock Generator ".

@® Notes on peripheral functions the time-base timer supplies to the clock

When entering the modes in which oscillation stops, the counter is cleared and the time-base timer stops
operating. The clock from the time-base timer may have a shorter "H" level period or longer "L" level
period (up to half the clock cycle) when the counter of the time-base timer is cleared because the clock
starts operating from the initial state. The clock for the watchdog timer also starts operating from the initial
state, but the watchdog timer operates at a normal cycle because the watchdog timer counter is cleared at
the same time.
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Program Example for Time-base Timer

Programming examples for the time-base timer are shown below.

B Programming Examples for Time-base Timer

@® Processing specification

Repeatedly generate an interval timer interrupt at intervals of 218/FCH (Fcn: oscillation frequency). The
timeinterval is approximately 21.0 ms (operating at 12.5 MHz).

@® Coding examples

TBTC
TBOF
ILR2

INT_V

IRQ7
INT_V

WARI

EQU 0000AH ;  Address of time-base timer control register

EQU TBTC:7 ;  Definition of interrupt request flag bit

EQU 007CH ;  Address of interrupt level setting register 2

DSEG ABS ; [DATA SEGMENT]

ORG OFFECH

DW WARI ;  Setting interrupt vector

ENDS

Main program:

CSEG ; [CODE SEGMENT]

;  Stack pointer (SP) or other registers are assumed to
have been initialized.

CLRI ; Interrupt disable

MOV ILR2,#01111111B ; Setting interrupt level (level 1)

MOV  TBTC#01000100B ; Clearinginterrupt request flag, enabling interrupt
request output, selecting 218 /F,,, and clearing
time-base timer

SETI ; Interrupt enable

Interrupt processing routine

CLRB TBOF ;  Clearing interrupt request flag

PUSHW A

XCHW AT

PUSHW A
User processing:
POPW A
XCHW A, T
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POPW A
RETI
ENDS

END
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WATCHDOG TIMER

This chapter describes the functions and operations of
the watchdog timer.

6.1 Overview of Watchdog Timer

6.2 Configuration of Watchdog Timer

6.3 Watchdog Control Register (WDTC)

6.4 Operations of Watchdog Timer Functions
6.5 Notes on Using Watchdog Timer

6.6 Program Example for Watchdog Timer
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6.1 Overview of Watchdog Timer

The watchdog timer is a 1-bit counter that uses output from the time-base timer, based
on oscillation frequency, as the count clock. The watchdog timer resets the CPU when
not cleared within a specified period after activation.

m Watchdog Timer Function
The watchdog timer is a counter for preventing programs from hanging up. The timer must be cleared at
specified intervals after being activated. If the timer is not cleared within a specified period of time
because, for example, a program goes into an endless loop, the timer sends to the CPU a watchdog reset
having a period of four instruction cycles.
The watchdog timer uses the output from the time-base timer as the count clock.
The time intervals for the watchdog timer are listed in Table 6.1-1 . When the watchdog timer is not
cleared, a watchdog reset occurs following the time between the minimum time interval and the maximum
time interval. The counter must be cleared before the time of the minimum time interval.

Table 6.1-1 Watchdog Timer Time Intervals

Count clock

Time-base timer output (Oscillation frequency: 12.5 MHz)

Minimum timeinterval Approximately 335.5 ms*

Maximum time interval Approximately 671.0 ms

*: (number of counts of time-base timer (222)) x (oscillation frequency (Fcy) divided by 2)

See Section "6.4 Operations of Watchdog Timer Functions " for details on the maximum and minimum
time intervals of the watchdog timer.

Notes:

» The watchdog timer counter is cleared when the time-base counter is cleared (TBTC : TBR = 0)
while output from the time-base timer is selected. Therefore, if the time-base timer counter
supplying the count clock is cleared repeatedly within the time interval of the watchdog timer, the
watchdog timer does not function correctly.

*  When switching to sleep or stop mode, the watchdog timer counter is cleared and stops operating
until returning to normal operation (RUN state).
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Configuration of Watchdog Timer

CHAPTER 6 WATCHDOG TIMER

The watchdog timer consists of the following four function blocks.

Watchdog timer counter

Reset control circuit

Counter clear control circuit
Watchdog control register (WDTC)

Block Diagram of Watchdog Timer

Figure 6.2-1 Block Diagram of Watchdog Timer

Watchdog control register (WDTC)

| — 1 — 1 — 1 — [wres[wre2] wrel] wreo|

222|F oy
(Time-

Watchdog timer

Clear Start

base timer
output)

1-bit counter

Overflow

Reset
c_ontr_ol
circuit

RST

@® Watchdog timer counter (1-bit counter)

A 1-hit counter that operates by accepting output from the time-base timer as the count clock.

@® Reset control circuit

Sends the reset signal to the CPU when the watchdog timer counter overflows.

@® Counter clear control circuit

Controls the clearing and stopping of the watchdog timer counter.

@® Watchdog control register (WDTC)

Activates and clears the watchdog timer counter. Because this register is write-only, bit manipulation

instructions cannot be used.
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6.3 Watchdog Control Register (WDTC)

The watchdog control register (WDTC) activates and clears the watchdog timer.

m Watchdog Control Register (WDTC)

Figure 6.3-1 Watchdog Control Register (WDTC)

Address bit7

bit6  bit5

bit4 bit3 bit2 bitl bit0O |nitial value

0009n [Resv] — | — | — [wrE3]WTE2]WTEIWTEO] 0---XXXXg5

R/W

RW R/W R/W R/W

2IWTE3|WTE2

WTELWTEO Watchdog control bit
- Starts the wa_t(_:hdo% timer
(upon first writing after reset)
1 * Clears the watchdog timer "
(upon second or subsequent writing after a
reset)

Other than above No operation

RESV

Reserved bit

0 Write "0" to this bit.

R/W : Readable/writable
— 1 Unused
X . Undefined

Table 6.3-1 Explanation of Functions of Each Bit in Watchdog Control Register (WDTC)

Bit name Description
bit7 RESV: Reserved bit e Write"0" to this bit.
M U hits - Undefined when it is read.
bitd *  Writing values does not affect operation.
* Writing "0101g" activates (for first writing) or clears (for second

. or subsequent writing) the watchdog timer.
bit3 WTE3, WTE2, . i " " :

0 WTEL WTEO: NOt\(/a\.lrltmg other than "0101g" does not affect operation.
bit0 Watchd trol bit '

! Lhelog controt Bits These bitsindicate "11115" when read. Bit manipulation

instructions cannot be used.
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6.4 Operations of Watchdog Timer Functions

The watchdog timer generates a watchdog reset when the watchdog timer counter
overflows.

B Operations of Watchdog Timer

@ Activating watchdog timer

The watchdog timer is activated when the first time "0101g" is written to the watchdog control bits
(WDTC: WTE3 to WTEQ) of the watchdog control register.
The watchdog timer cannot be stopped without accepting a reset upon activation.

@® Clearing watchdog timer

The watchdog timer counter is cleared the second or subsequent time "0101g" is written to the watchdog
control bits (WDTC: WTE3 to WTEQ) of the watchdog control register.

When the counter is not cleared within the time interval of the watchdog timer, the counter overflows and
the timer generates the internal reset signal having a period of four instruction cycles.
@® Time intervals of watchdog timer

The time interval varies depending on the timing at which the watchdog timer is cleared. Figure 6.4-1
shows the relationship between the clear timings and time intervals of the watchdog timer when output
from the time-base timer is used as the count clock (oscillation frequency: 12.5 MHz).

Figure 6.4-1 Clearing Watchdog Timer and Time Interval

Minimum time interval 5 335.5 ms
N g

Count clock output from | | | | |

time-base timer

Watchdog clear Overflow

Watchdog 1-bit counter —|_|

Watchdog reset |_|
Maximum time interval
L 671.0 ms N
N 71
Count clock output from I | [ | [
time-base timer
Watchdog clear Overflow
Watchdog 1-bit counter
Watchdog reset |_|
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6.5 Notes on Using Watchdog Timer

Notes on using the watchdog timer are provided below.

m Notes on Using Watchdog Timer

@® Stopping watchdog timer

The watchdog timer cannot be stopped without accepting a reset upon activation.

® Clearing watchdog timer

Clearing the time-base timer counter that supplies the count clock to the watchdog timer aso clears the
watchdog timer counter at the same time.

Switching to sleep or stop mode clears the watchdog timer counter.
® Notes on creating programs

When creating a program that repeatedly clears the watchdog timer in the main loop, ensure that the time
necessary for main loop processing, including interrupt handling, is shorter than the minimum time interval
of the watchdog timer.
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Example for Watchdog Timer

Programming exampl

es for the watchdog timer are provided below.

m Programming Examples of Watchdog Timer

® Processing specification

* Activate

the watchdog timer immediately after the program starts.

¢ Clear the watchdog timer whenever the loop of the main program is run.

« Ensure that the time necessary for running the main loop once, including interrupt handling, is shorter

than the
timer.

® Coding example
WDTC

minimum time interval (approximately 335.5 ms. operating at 12.5 MHz) of the watchdog

EQU 0009H ;  Address of watchdog control register

WDT_CLREQU 00000101B

VECT DSEG ABS ; [DATA SEGMENT]
ORG OFFFEH

RST V DW PROG ;  Setting reset vector

VECT ENDS

; Main program
CSEG ; [CODE SEGMENT]

PROG ;  Initialization routine upon reset
MOVW  SP#0280H ; Setting initial value of stack pointer (for interrupt)
Initializing interrupt or other peripheral functions

INIT MQV WDTCHWDT_CLR ; Activating watchdog timer

MAIN

MOV WDTCH#WDT_CLR ; Clearing watchdog timer
User processing (interrupt may occur in this processing.)

JMP MAIN ; Ensure that the time necessary for running the loop is

shorter than the minimum time interval of the watchdog
timer.

ENDS

END
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CHAPTER 7

8-BIT PWM TIMER

This chapter describes the functions and operations of
8-bit PWM timer.

7.1 Overview of 8-bit PWM Timer

7.2 Configuration of 8-bit PWM Timer

7.3 Pin of 8-bit PWM Timer

7.4 Registers of 8-bit PWM Timer

7.5 Interrupt of 8-bit PWM Timer

7.6 Operations of the Interval Timer Functions
7.7 Operations of the 8-bit PWM Timer Functions
7.8 States in Each Mode During Operation

7.9 Notes on Using 8-bit PWM Timer

7.10 Program Example for PWM Timer
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7.1 Overview of 8-bit PWM Timer

An 8-bit PWM timer has the interval timer functions and the PWM timer functions of an
8-bit resolution. A counter is incremented using interval timer functions in
synchronization with three types of internal count clocks or the output of 8/16-bit
capture timer/counter. The user can select one of these functions. Therefore, the 8-bit
interval timer can be set and the square wave of any frequency can be output using the
set output. In addition, if a low-pass filter is connected to the PWM output, the D/A
converter can be used.

m Interval Timer Functions (Functions to Output the Square Wave)
Interrupts are generated repeatedly at any interval by the interval timer functions.

Because the output level of the pin (P50/PWM pin) can be inverted for each interrupt, the square wave of
any frequency can also be outpuit.

< Aninterva timer operation from the cycle of the count clock to 28-times cycleispossible.

* The count clock can be selected from four types.

Table 7.1-1 shows the range of intervals and sguare wave output.

Table 7.1-1 Range of Intervals and Square Wave Output

Count clock cycle Interval Square wave output (Hz)
1 ItynsT 1t,nsT t0 28 NsT 1/ (2tnsy) t0 1/ (2%nsT)
2 | Imemal count 16t 2t sr 10 212t oy V (Stnsn) 10 1 (23 nsr)
3 64t st 25t ns7 t0 2% ST 1/ (2"tns7) to 1 (2% nsT)
2iNsT 2tnsT 10 21t NsT 1/ (2%,ns7) o 1/ (2% NsT)
, | s6bitimer 32tnst 2% nsT t0 2% N ST 1/ (28%,ns7) to 1/ (2% nsT)
count clock 512t st 2%\ r 10 25 s 1/ (2% s7) to 1/ (218 7)
Hexr Itexr to 2'%exr 1 (2texy) to 1 (2%gxT)

tynsT: Instruction cycle (Affected by the clock mode and others.)
texT : Output cycle of an 8/16-bit capture timer
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Note:
Calculation example of intervals and square wave frequency
The following expression is the interval when the count clock cycle is set to 1 tngt and when an
oscillation frequency (Fcp) of 12.5 MHz and a PWM compare register (COMR) vaue of DDy (221)

are set. Another expression is the frequency of the sguare wave output from the PWM pin that is
operated continuously without changing the COMR register value.

However, the values are true when the maximum speed clock of the normal mode is selected (CS1,
CS0 = 115, 1 instruction cycle = 4/F¢y) with the system clock control register (SY CC).

Interval = (1 x 4/FcH ) x (COMR register value + 1)
= (4/12.5 MHz) x (221 + 1)

=71.0 us

Output frequency = FcH/ (1 x 8 x (COMR register value + 1))
=12.5 MHz/ (8 x (221 + 1))
= 7.04 kHz

m PWM Timer Functions

The PWM timer functions have an 8-bit resolution and can control the "H" level width and "L" level width
of one cycle.

Because the resolution is 1/256, a pulse can be output at a duty ratio of 0 to 99.6%.
The frequency of the PWM wave can be selected from four types.
The low-pass filter can be connected to the output and used as the D/A converter.

Table 7.1-2 shows the frequency of the PWM wave that can be set by PWM timer functions. Figure 7.1-1 is
aconfiguration example of the D/A converter.

Table 7.1-2 Frequencies of the PWM Wave that can be Set by the PWM Timer Functions

1 2 3 4

nternal clock Output of an 8/16-bit capture timer/counter

2%tnstto | Ptnstto | 2% s to ItexT tO
Count clock cycle ltynst | 16tnst | 64tnsT 1|0NST T il :
27NsT 24 st 2% st 2texT
2V srto | 2Ygrto | 2%ngrto | Brexrto
12 1 INST INST INST EXT
PWM wave CyCle 28t|NST 2 t|NST 2 4t|NST 218t 222t 226t 216t
INST INST INST EXT

tynst: Instruction cycle (Affected by the clock mode and others.)
texT: Output frequency of an 8/16-bit capture timer
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Figure 7.1-1 Configuration Example of the D/A Converter with the PWM Output and a Low-Pass Filter

PWM output Analog output (Va)
PWM pin NN \/
_— R —_
C
Analog output waveform
Va Relationship between analog output
voltage and PWM output waveform
Va Vee  va/Vee = THIT
Tr represents the amount required to
stabilize output.
< Tr —> t

PWM output waveform

Vce

TH T

Note:
While PWM timer functions are enabled, no interrupt request occurs.
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7.2 Configuration of 8-bit PWM Timer

An 8-bit PWM timer consists of the following six blocks.
» Count clock selector

* 8-bit counter

« Comparator

* PWM generation and output control circuit

* PWM compare register (COMR)

« PWM control register (CNTR)

m Block Diagram of an 8-bit PWM Timer

Figure 7.2-1 Block Diagram of an 8-bit PWM Timer

Internal data bus
=
CNTR COMR ij
[pix] — [ P [ Po]TPE] TIR] OE | TIE| | PWM compare register |
SOIRQ9
L/ Q
(Output of an 8/16-bit Count 8
capture timer/counter) gleolglétor 8-bit counter
TO —ECLK Start 8
EXl gll-K —>| Comparator
X16 ear
1t)\sT x64 Latch I
Overflow
Timer/ PWM generation
PWM circuit and output
control circuit
Output pin control
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@® Count clock selector
The count clock selector selects one of three types of internal counter clock. The selector also selects an 8/
16-bit capture timer or counter and uses it to increment the count of the 8-bit counter.

@ 38-bit counter

This counter isincremented by the count clock selected by the count clock selector.

® Comparator

A latch in the comparator holds the COMR register value when the value of the 8-bit counter is 004 and
then compares the 8-bit counter with the COMR register value latched and detects a match.

® PWM generation circuit and PWM output control circuit

During the interval timer operation, once a match is detected, an interrupt request occurs. And when the bit
to control the output pin (CNTR: OE) is"1", the output level of the PSO/PWM pin isinverted by the output
control circuit, at which time the 8-bit counter is cleared.

During the PWM timer operation, once a match is detected, the output level of the PSO/PWM pin is
changed from "H" level to "L" level by the PWM generation circuit. Thereafter, when the 8-bit counter
overflows, the output level isreturned to "H" level.

® COMR register

Thisregister is used to set avalue for comparison with the counter value of the 8-bit counter.

® CNTR register

This register is used to select the operation mode, enable and disable operations, set the count clock, control
interrupts, and check status.

When the operation mode is the PWM timer mode (P/TX = 0), the 8-bit counter cannot be cleared (by the
match detection signal from the comparator) and the interrupt request (IRQ9) is disabled.
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CHAPTER 7 8-BIT PWM TIMER

This section describes the pin and provides a block diagram of the pin related to the 8-

bit PWM timer.

B Pin Related to the 8-bit PWM Timer
The pin related to the 8-bit PWM timer is the PSO/PWM pin.

® P50/PWM pin

This pin can be used as a general-purpose 1/0O port (P50) and for output of the interval timer or PWM timer

(PWM).
PWM:

While the pin functions as the interval timer, the square wave is output to the pin.

While the pin functions as the PWM timer, the PWM wave is output to the pin.

When the bit to control the output pin is set to the dedicated pin (CNTR: OE = 1), the P5S0/PWM pin
automatically functions as an output pin, regardiess of the value of the port 5 data direction register
(DDRS: bit0), and asthe PWM pin.

B Block Diagram of the Pin Related to the 8-bit PWM Timer

Figure 7.3-1 Block Diagram of the Pin Related to the 8-bit PWM Timer
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7.4 Registers of 8-bit PWM Timer

This section describes the registers related to the 8-bit PWM timer.

B Registers Related to the 8-bit PWM Timer

Figure 7.4-1 Registers Related to the 8-bit PWM Timer

CNTR (PWM control register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

0022y | Pax| — | Pt | pPo | TPE| TIR | OE | TIE | 0-000000s
R/IW RW RW RW RW RW RMW

COMR (PWM compare register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

0023y | | | | | | | | | XXXXXXXXs
W w W w W w w w

R/W : Readable/Writable

w : Write only

— : Unused

X : Undefined
Note:

Because the PWM compare register (COMR) is a write-only register, an instruction to operate bits
cannot be used.
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7.4.1 PWM Control Register (CNTR)

The PWM control register (CNTR) is used to select the operation mode (interval timer
operation or PWM timer operation) of the 8-bit PWM timer, switch the resolution of the
PWM timer functions, and select the count clock.

m PWM Control Register (CNTR)

Figure 7.4-2 PWM Control Register (CNTR)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl  bit0 Initial value
00224 [PTx| — [ P1] Po | TPE| TIR [ OE | TIE | 0-0000008
RIW RW RW RW RW RW RW

.

‘ﬁ TIE Bit to enable an interrupt request
0 [ Disables interrupt request output.

1 |Enables interrupt request output.

OE Bit to control the output pin
Used as the general-purpose port (P50)
1 | Used as the output pin for the interval timer or PWM timer (PWM)

Interrupt request flag bit

TIR Read ‘
The interval timer used The PWM Write
timer used
0 | The counter value does not Clears this bit.

match the settings.

1 The counter value matches Not changed Not changed. Does
the settings. not affect other settings.

TPE Bit to enable the counter operation

0 | Stops the counter operation.
1 | Starts the counter operation.

P1| PO Bits to select a clock

0 0 1 tinst
Internal

0 1 count 16 tinst

1 0 clock 64 tysr

1 1 | Outputs an 8/16-hit capture timer/counter.

P/TX Bit to select the operation mode
0 | Operates as the interval timer.
1 | Operates as the PWM timer.

twst : Instruction cycle

R/W : Readable/Writable
[ : Initial value
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Table 7.4-1 Explanation of the Functions of Each Bit in the PWM Control Register (CNTR)

request

Bit name Function
Thisbit isused to select the interval timer operation (P/TX =0) or PWM timer
PITX: operation (PITX =1).
bit7 | Bitto select the Note:
operation mode Before writing into this bit, stop the counter operation (TPE = 0), disable an
interrupt (TIE = 0), and clear the interrupt request flag bit (TIR = 0).
. . The value during aread is undetermined.
bit6 Unused bit A write does not affect operations.
Thisbit is used to select the count clock of the interval timer functions or PWM
timer functions.
bit5, | P1, PO: One of three types of internal count clock or the output of the 8/16-bit capture
bit4 Bitsto select the clock timer or counter can be selected.
Note:
When the counter is operating (TPE = 1), do not switch P1 and PO.
TPE: This bit is used to start and stop the interval timer functions or PWM timer
. o functions.
bit3 Bitto gnable the counter To start the count operation, write "1" to this bit. When "0" is written to this bit,
operation the counter is cleared (setting 00) and then stopped.
While theinternal timer functions are enabled:
When the counter value matches the PWM compare register (COMR) value, "1" is
et to this bit.
bit2 TIR: When this bit and the bit to enable an interrupt request (TIE) are"1", an interrupt
Interrupt request flag bit | request to the CPU is output.
While the PWM timer functions are enabled, an interrupt request does not occur.
When this bit iswritten, it is cleared (setting "0"). Writing "1" does not affect this
bit in any way.
When thisbit is"0", the P5SO/PWM pin is used as a genera -purpose port (P50).
OE: When the bit is"1", it is used as a dedicated pin (PWM).
bitl Bit to control the output | When the interval timer functions are enabled, the square wave is output to the
pin PWM pin. When the PWM timer functions are enabled, the PWM wave is output
to the PWM pin.
TIE: Thisbit isused to enable and disable the output of an interrupt request to the CPU.
bit0 Bit to enable aninterrupt | When this bit and the interrupt request flag bit (TIR) are both "1", an interrupt

request is output.
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7.4.2 PWM Compare Register (COMR)

The PWM compare register (COMR) is used to set an interval while the internal timer
functions are enabled. In addition, the register becomes the "H" level width of a pulse
while the PWM timer functions are enabled.

B PWM Compare Register (COMR)
Figure 7.4-3 shows the bit configuration of a PWM compare register. Because this register is a write-only
register, an instruction to operate bits cannot be used.

Figure 7.4-3 PWM Compare Register (COMR)

Address  hit7 bit6  bits bit4 bit3 bit2 bitL  hit0 Initial value
0023H XXXXXXXXB
W W W W W W W W
W : Write only
X : Undefined

® While the interval timer is operating:

Specify an interval in the register to which the value compared with the counter value is to be set.

When the settings written to this register match the counter value, the counter is cleared and "1" is set to the
interrupt request flag bit (CNTR: TIR = 1).

If avalue is written to the COMR register while the counter is operating, the value takes effect at the next
cycle (after detection of amatch).

Note:

The settings of the COMR register, while the interval timer is operating, can be calculated using the
following formula. The gear function, however, affects the instruction cycle.

COMR register value = interval/(count clock cycle x instruction cycle) - 1
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® While the PWM timer is operating:
Specify the "H" level width of a pulse in the register to which the value that is compared with the counter
valueisto be set.

Until the settings written to this register match the counter value, "H" is output from the PWM pin. When a
match isfound, "L" is output until the counter value overflows.

If avalue iswritten to the COMR register while the counter is operating, the value takes effect at the next
cycle (after overflow).

Note:

The settings and cycle of the COMR register, while the PWM timer is operating, can be calculated
using the following formula. The gear function, however, affects the instruction cycle.

COMR register value = duty ratio (%) x 256
PWM wave cycle = count clock cycle x instruction cycle x 256
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7.5 Interrupt of 8-bit PWM Timer

An interrupt factor of an 8-bit PWM timer can be a match between the counter value and
the PWM compare register value while interval timer functions are operating. While the
PWM timer functions are enabled, an interrupt request does not occur.

B Interrupts while Interval Timer Functions are Enabled
When the counter value is incremented from 00y using the selected count clock and matches the PWM
compare register (COMR) value, "1" is set to the corresponding interrupt request flag bit (CNTR: TIR).

At this time, if the bit to enable an interrupt request is enabled (CNTR: TIE = 1), an interrupt request
(IRQ9) to the CPU occurs. Write "0" to the TIR bit using the interrupt handling routine to clear the
interrupt request.

The TIR bit isset to "1" when the counter value matches the settings regardless of the value of the TIE bit.
Note:

When a match is found between the counter value and the COMR register value concurrently with the
stop of the counter (CNTR: TPE = 0), the TIR hit is not set.

When the TIR bit is"1", if the TIE bit is changed from disabled to enabled (changed from "0" to "1"),
an interrupt request occurs immediately.

B Register and Vector Table Related to the Interrupts of an 8-bit PWM Timer

Table 7.5-1 Register and Vector Table Related to the Interrupts of an 8-bit PWM Timer

Interrupt level setting register Address of vector table
Interrupt
name Register Bits to be set High-order Low-order
IRQ9 ILR3(007Dy) L91(hit3) L90(bit2) FFE84 FFE9

See Section "3.4.2 Stepsin the Interrupt Operation " for interrupt operations.
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7.6 Operations of the Interval Timer Functions

This section describes the operations of the interval timer functions of an 8-bit PWM
timer.

m Operations of the Interval Timer Functions

To make an 8-bit PWM timer operate as an interval timer, set registers as shown in Figure 7.6-1 .

Figure 7.6-1 Setting Interval Timer Functions

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
CNTR | PaX| — | Pt | Po | TPE| TIR | OE | TIE |
0 © © 1 © © ©
COMR | Set an interval (compare value) |
© : Used bit
1 : Set™".
0 : Set"0"

When the counter is activated, the counter is incremented from 00y at the start-up of the selected count

clock. When the counter value matches the value set in the COMR register (comparison value), the timer
inverts the level of the PWM pin, clears the counter, sets the interrupt request flag bit (CNTR: TIR = 1),
and starts incrementing again from 00y at the next start-up of the count clock.

Figure 7.6-2 shows the operations of an 8-bit PWM timer.
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Figure 7.6-2 Operations of an 8-bit PWM Timer

Counter value Comparison value (FFH) Comparison value (80H)
FFH
80H
00H . \ ‘ ‘ Time
Timer cycle Change of the COMR value (FFy—80p)*
COMR value (FFp) Clear in the program
v
TIR bit
TPE bit =——
OE bit =—!
PWM pin ceeeees
When the bit to control the output pin (OE) is "0", the pin functions as a
general-purpose 1/O port pin (P50).
*: If the PWM compare register (COMR) value is changed during counter operation, the value
takes effect at the next cycle.

Notes:
» While interval timer functions are enabled (CNTR: TPE = 1), do not change the count clock cycle
(CNTR: P1, PO).
* When 00y is set to the COMR register, the output of the PWM pin is inverted in the cycle of the
count clock.

While interval timer functions are enabled, the output level of the PWM pin in the counter stop state
(CNTR: TPE=0) isat "L" level.
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7.7 Operations of the 8-bit PWM Timer Functions

This section describes the operations of the 8-bit PWM timer functions.

B Operations of the 8-bit PWM Timer Functions
To enable 8-bit PWM timer functions, set registers as shown in Figure 7.7-1 .

Figure 7.7-1 Setting 8-bit PWM Timer Functions

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
cNTR | pax] — | P | Ppo | TPE|] TR | OE | TIE |
1 © © 1 X 1 X
COMR | Set an H-level pulse width (compare value). |
© : Used bit
X 1 Unused bit
1 : Set"1".

When the counter is activated, the counter is incremented from 00y at the start-up of the selected count

clock. The output (PWM waveform) of the PWM pin is "H" until a match between the counter value and

the value set in the COMR register is found. Once a match is found, the output is "L" until the counter
value overflows (FFy —00y).

Figure 7.7-2 shows the PWM waveform output to the PWM pin.
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Figure 7.7-2 Output Example of the PWM Waveform of 8-bit PWM Timer Functions

When the COMR Register Value is 00H (0% duty ratio):

Counter value 00H

"y

PWM waveform w»

FFH OO ———>

When the COMR register value is 804 (50% duty ratio):

Counter value 00H 80H

IlHIl

PWM waveform

IILII

FFH 004 ——>

When the COMR register value is FFH (99.6% duty ratio):

Counter value 00H
"

FFH 0Op—————>

PWM waveform

K

For one count H

Notes:

« While PWM timer functions are enabled (CNTR: TPE = 1), do not change the count clock cycle

(CNTR: P1, P0).

* While PWM timer functions are enabled, the level immediately before the stop is held as the output
level of the PWM pin in the counter stop state (CNTR: TPE = 0).
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7.8 States in Each Mode During Operation

This section describes the operations for a move to the sleep mode, a move to the stop
mode, and the occurrence of a suspend request during the operation of an 8-bit PWM
timer.

B Operations in the Standby Mode and at a Suspension
When the mode is moved to sleep and stop modes, and when a suspend request occurs, the counter value
status in which interval timer functions are enabled is shown in the Figure 7.8-1 , and the counter value
status in which PWM timer functions are enabled is shown in the Figure 7.8-2 .

When switched to the stop mode, the counter holds a value and stops. When the stop mode is released by
an externa interrupt, the counter starts operation from the held value. Therefore, the first interval and the
first cycle of the PWM waveform are not the values that are set. After the release of the stop mode,
initialize the 8-bit PWM timer.
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® While interval timer functions are enabled:

Figure 7.8-1 Operation of the Counter in the Standby Mode and during Suspension (while Interval

Functions are Enabled)

CHAPTER 7 8-BIT PWM TIMER

Counter value

COMR value (FFH)

Clear by stopping operation

Time

e operation

FFH
00H ) /l\ > é
Timer cycle Stop Time to wait
request for oscillation
Clear by the program stab|ll%at|on
N Stopping Restarting
_I operation operation
TIR bit
TPE bit =—
* "L" level whi
is being stopped
PWM pin h—
(OE=1) S|
eep
SLP bit
(STBC )
register
Seep by Qo —
slee
STP bit PPy
(STBC
register)

Release of stop by an external interrupt

*: When the bit to specify the pin state (STBC: SPL) of the standby control register is "1", and
the PWM pin is not pulled up, the PWM pin in the stop mode is Hi-Z. When the SPL bit is "0", the
value immediately before the move to the stop mode is held.
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® While PWM timer functions are enabled:

Figure 7.8-2 Operation in the Standby Mode and during Suspension (while PWM Timer Functions are

Enabled)
004 00K 00H 00k 00
PWM pin I—I I—I
(PWM waveform) *
The level
immediately
_be;‘]orlzta1 stop |
TPE bit s
Sleep Stopping Restarting
operation  operation
SLP bit

(STBC register)
Release of sleep by

something other than
IRQ9 (IRQ9 does  |Stop
not occur.)

STP bit
(STBC register) — <— Time to wait for oscillation
stabilization

Release of stop by an
external interrupt

*. When the bit to specify the pin state (STBC: SPL) of the standby control register is "1",
and the PWM pin is not pulled up, the PWM pin in the stop mode is Hi-Z. When the SPL
bit is "0", the value immediately before the move to the stop mode is held.
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7.9 Notes on Using 8-bit PWM Timer

This section provides notes on using 8-bit PWM timer.

m Notes on Using 8-bit PWM Timer

@® Error

The activation of the counter by a program does not synchronize the start of an increment by the selected
count clock. Therefore, as an error until a match between the counter value and the PWM compare register
(COMR) value is detected, the time may be shortened by up to one cycle of the count clock cycle. Figure
7.9-1 shows an error until the count operation is started.

Figure 7.9-1 Error until the Count Operation is Started

Counter value

00 >< 01H >< 024 >< 03n >< 04y ><

Count clock

o 7 7 7 7T

One cycle

Error| Cycle of 00
[

Activating the counter

/I\

@® Notes on setting by a program

While interval timer functions or PWM timer functions are enabled (CNTR: TPE = 1), do not change
the count clock cycle (CNTR: P1, P0).

If the user wants to switch between the interval timer function and the PWM timer function (CNTR: P/
TX), proceed when the counter is stopped (CNTR: TPE = 0), interrupts are disabled (CNTR: TIE = 0),
and interrupt requests are cleared (CNTR: TIR = 0).

When the interrupt request flag bit (CNTR: TIR) is "1" and the bit to enable an interrupt request is
enabled (CNTR: TIE = 1), recovery from interrupt handling is no longer possible. The TIR bit must be
cleared.

When the counter value matches the COMR register value concurrently with the counter stop (CNTR:
TPE = 0), the TIR bit is not set.

Depending on how to set TPE, PITX, and OE, the PWM output waveform varies as shown below. Be
careful when using a program to set TPE, P/TX, and OE.

(1) When TPE, PITX, and OE are set at the same time:
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MOV CNTR, #11001010B ; Starts PWM operations, internal clocks, and count operations.
; Enables the PWM output.

Depending on the port
state

/—{ 1/4 instruction cycle

N

Executing the instruction to enable PWM output

(2) When OE is set after TPE and P/TX are set:

MOV CNTR, #11001000B ; Starts PWM operations, internal clocks, and count operations.

T ; Uses the general-purpose port.

Check
MOV CNTR, #11001010B ; Enables PWM outpult.
T
Check
e
Depending on the port state
n

Executing the instruction to enable the PWM output
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7.10 Program Example for PWM Timer

This section describes program examples of an 8-bit PWM timer.

B Program Example of Interval Timer Functions

@® Processing specifications

e 5 msinterval timer interrupts occur repeatedly.
* The square waveform that inverts at an interval is output to the P5S0/PWM pin.

e Thefollowing expression yields the COMR register value for which the interval is about 5 ms when the
top speed of the gear (one instruction cycle = 4/Fqy) is obtained at an oscillation frequency of 12.5

MHz. The count clock is 64 t;yst of theinternal count clock.

COMR register value = 5 mg/(64 x 4/12.5 MHz) - 1 = 244.1 (OF4y)

@® Coding example

CNTR EQU 0022H ;  Address of the PWM control register
COMR EQU 0023H ; Address of the PWM compare register
TPE EQU CNTR:3 ;  Defining the bit to enable the counter operation
TIR EQU CNTR:2 ; Defining the interrupt request flag bit
ILR3 EQU 007D ;  Address of the register to set the interrupt level
INT_V DSEG ABS ; [DATA SEGMENT]
ORG OFFF8H
IRQ9 DW WARI1 ;  Setting the interrupt vector
INT_V ENDS
; Main program
CSEG ; [CODE SEGMENT]
;  The stack pointer (SP) and others are assumed to have
been initialized.
CLRI ; Disabling interrupts
CLRB TPE ; Stopping the counter operation
MOV ILR3,#11110111B ;  Setting the interrupt level (level 1)
MOV COMR #0F4H ;. Comparison value with the counter value (interval)
MQV CNTR,#00101011B ; Enabling the output of the PWM

; Interval timer operation, selection of 64 t)ygt
;  Starting the counter operation and enabling the output
of interrupt requests
SETI ;  Enabling interrupts

; Interrupt program

WARI1 CLRB TIR ;  Clearing the interrupt request flag
PUSHW A
XCHW AT ; SavingAand T
PUSHW A
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XCHW AT
POPW A
RETI

ENDS
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m Program Example of PWM Timer Functions

@ Processing specifications

A PWM wave with aduty ratio of 50% is generated. The duty ratio is then changed to 25%.

* Nointerrupt occurs.

*  When the count clock is 16 t;yst Of an internal count clock, the cycle of the PWM wave is 16 x 4/12.5
MHz x 256 = 1.3107 ms, which occurs when the top speed of the gear (one instruction cycle = 4/Fqy) is
obtained at an oscillation frequency of 12.5 MHz.

e The COMR register value with aduty ratio of 50% is shown below.

COMR register value = 50/100 x 256 = 128 (080y)

® Coding example

CNTR EQU 0022H ; Address of the PWM control register
COMR EQU 0023H ; Address of the PWM compare register
TPE EQU CNTR:3 ; Defining the bit to enable the counter operation
; Main program
CSEG ; [CODE SEGMENT]
CLRB TPE ; Stopping the counter operation
MQV COMR,#80H ; Specification of the H-level width of a pulse, 50% duty
ratio

MOV CNTR,#10011010B ; PWM timer operation, selection of 16 t;nsr
; Starting the counter operation, clearing the interrupt

request flag
; Enabling the output of the PWM pin, disabling the output
of interrupt requests

MOV COMR #40H ; Changing the duty ratio to 25% (Takes effect at the next
cycle of the PWM wave.)

ENDS

END
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CHAPTER 8

8/16-BIT CAPTURE TIMER/
COUNTER

This chapter describes the functions and operation of
the 8/16-bit capture timer/counter.

8.1 Overview of 8/16-bit Capture Timer/Counter

8.2 Configuration of 8/16-bit Capture Timer/Counter

8.3 Pins of 8/16-bit Capture Timer/Counter

8.4 Registers of 8/16-bit Capture Timer/Counter

8.5 8/16-bit Capture Timer/Counter of Interrupts

8.6 Explanation of Operations of Interval Timer Functions
8.7 Operation of Counter Functions

8.8 Functions of Operations of Capture Functions

8.9 8/16-bit Capture Timer/Counter Operation in Each Mode
8.10 Notes on Using 8/16-bit Capture Timer/Counter

8.11 Program Example for 8/16-bit Capture Timer/Counter

161



CHAPTER 8 8/16-BIT CAPTURE TIMER/COUNTER

8.1 Overview of 8/16-bit Capture Timer/Counter

The 8/16-bit capture timer/counter consists of two 8-bit counters (timer 0 and timer 1).
These counters can be used separately (8-bit mode) or in combination (16-bit mode).
Timer O provides seven internal count clocks. This timer can select the interval timer
function or counter function. The interval timer function increments the counter value in
synchronization with one of the seven internal clocks. The counter function increments
the counter value according to the clock to be input to an external pin. Timer O can
output square waves of any frequency according to outputs from the interval timer and
counter.

Timer 1 provides seven internal count clocks. This timer can output square waves of
any frequency but can use only the interval timer function that increments the timer
value in synchronization with one of the seven internal counter clocks. For the 16-bit
mode, timer 0 and timer 1 are connected in series to serve as a 16-bit timer.

W Interval Timer Function
Theinterval timer function generates interrupt requests repeatedly at any timeinterval.

This function can aso invert the output level of P34/TO/INT10 pin per time interval and output square
waves of any frequency.

« Inthe 8-hit mode, the interval timer function operates as two independent timers. timer 0 (8-bit capture
timer/counter) and timer 1 (8-bit timer). Interval timer operation from each count clock cycle to a 28
times cycleispossible.

« Theinterval timer function can select and output square waves to the TO pin according to the timer O or
1 output.

< Inthe 16-bit mode, the interval timer function operates as a 16-bit capture timer/counter in which timer
0 is concatenated as the lower counter and timer 1 is concatenated as the upper counter. Interval timer

operation from the count clock cycleto the 216 times cycleispossible.

e The count clock can be selected from the seven internal clock cycles (if timer O selects an externa
clock, the interval timer function operates as the capture/counter function).

« Thetimer O output cycle can be used as the clock for starting A/D converters continuously or as the 8-
bit PWM timer count clock.
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Table 8.1-1 to Table 8.1-3 show the interval time and square wave output range in each operation mode.

Table 8.1-1 Timer 0O Interval Time and Square Wave Output Range in 8-bit Mode

Count clock cycle Interval time Square wave output range (Hz)
2NsT 2tinsT t0 2%iNsT 1 (2%s7) to 1/ (2% sr)
HMinsT 2%t to 2% st U (2tynsr) to 1 (2Mtynsr)
16tinst 2% st t0 2"t NsT U (2%tyns) to 1/ (2%tins)
Internal count clock 64t nsT 25 nsT t0 24 NsT U (2"tynsr) to U (2% nst)
128tnst 2Nt to 2" st U (2Pynst) to U (2" nsr)
256Nt 2%t to 2% st U (2%nsn) to U (2 tynst)
512t ST 2% s 10 28t NsT 1 (2% sr) to U (2" nsT)
External clock Ltext Lteyt 10 2Pty 1 (2teg) 10 U (2%eq)

Table 8.1-2 Timer 1 Interval Time and Square Wave Output Range in 8-bit Mode

Count clock cycle

Interval time

Square wave output range (Hz)

2NsT 2tynsT t0 2%iNsT 1 (2%ys7) to 1/ (2% sr)

HMinsT 2%nst t0 2" st U (2tynsr) to 1 (2Mtynsr)

16t nsT 2%nsT t0 2% NsT 1 (2%ns7) to 1 (283 nsT)

Internal count clock 64t nsT 257 t0 24 NsT U (2"tynsr) to U (2% nst)
128t \sT 2"tynsT 10 28 NsT 1 (2%ynst) to 1 (2%%ys7)

256t st 28,7 10 286 s U (2%nsm) to U (2 tynst)

512t Nst 2tinst to 2Mtynst 1/ (2'%ysr) to 1 (2% s7)
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Table 8.1-3 Interval Time and Square Wave Output Range in 16-bit Mode

Count clock cycle Interval time Square wave output range (Hz)
2tnsT 2tnsT t0 2 st U (2%yns) t0 1/ (2%t ns)
HMinsT 2%t to 2" st 1 (2Pnst) to 1/ (2% ys7)
16tinst 2% st t0 2% st 1 (2%nsy) to 1 (2%Myns7)
Internal count clock 64t nsT 25t s 10 2%t N sT U (2"tynsr) to U (2% nst)
128t \sT 2"tnsT 10 2% NsT 1 (2%nst) to 1 (2%%ns7)
256t NsT 28nsT t0 2% NsT U (2tyns) to 1/ (2%tynsr)
512t nsT 2% nsT 10 2% NsT 1 (2% sr) to U (%% nsT)
External clock ltext Tteyt to 228ty 7 1 (2tgx7) to U/ (2 texr)

tynst - Instruction cycle (this cycle is affected by the clock mode, etc.)
texT : External clock cycle (1tgxT greater than or equal to 4t;nsr)

Note:

Example of calculating interval time and square wave frequency

If the oscillation (Fcp) is set to 12.5 MHz, the timer O data register (TDRO) value is set to DDy (221),
and the count clock cycle is set to 2t;yst 8-bit mode operation, the interval time of timer O and the
square wave frequency output from the TO pin when the interval timer function is operated
continuously without modifying the TDRO register value are calcul ated from the following expressions:

However, the values calculated from these expressions are valid when the highest speed clock of the
normal mode (CS1, CSO = 11g, 1 instruction cycle = 4/F¢y) is selected according to the system clock

control register (SYCC).

Interval time = (2 x 4/FcH) x (TDRO#1 register value + 1)

= (8/12.5 MHz) x (221 + 1)
=142.1 us

Output frequency = FcH/(2 x 8 x (TDRO#1 register value + 1))
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m Counter Function

The counter function counts the falling edges of the external clocks input to the P33/EC external pin. The 8/
16-bit capture timer/counter can operate independently because the EC pin acts as an external clock input
pin. Only timer O can select the external clock. The counter function operates using timer 0 with the 8-bit
mode or with the 16-bit mode.

¢ The counter function counts the number of edges of the external clocks selected by the count clock
selection bit (CINV) of the timer O control register (TCR0). When the number of edges equals the
setting value, the counter function generates an interrupt request and inverts the output level of the
square wave output pin.

¢ Intimer O for the 8-bit mode, a count operation up to 2is possible.

« Inthe 16-bit mode, a count operation up to 218 is possible.

< Inputting an external clock whose cycle is constant enables the counter to be used as a device whose
function is similar to an interval timer.
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8.2 Configuration of 8/16-bit Capture Timer/Counter

The 8/16-bit capture timer/counter consists of the following seven blocks:
* Count clock selectors 0/1

» Counter circuits 0/1

e Square wave output control circuit

» Timer 0/1 data registers (TDRO, TDR1)

» Timer 0/1 control registers (TCRO, TCR1)

» Capture data registers (TCPL, TCPH)

» Timer output control register (TCR2)

B Block Diagram of 8/16-bit Capture Timer/Counter

Figure 8.2-1 Block Diagram of 8/16-bit Capture Timer/Counter

[rstro| Tesoo| resor | resoz| cimv | oien [rrcro| TR0 je————>
— ] ] ) |

TCRO o
3 TCCR IRQ3
| RESV | EDGSOlEDGSllTCMSKl CCMSKl CPIEN |CFCLR| CPIF H
Counter clear | IRQ4

mask (capture clr)
Counter clear mask (identity clr)

Counter clear
I Capture latch

P34/TO/INT10

TR m

P33/EC

1 > 13K gpi p
CLRBblt counter "L COI_

e

Comparator EQ
?:)—e LOAD comparator latch —‘
Ml N
[ | TCPL 2
TDROl Data register "L" | |Capture register "L" | ﬁ
o
°
©
TDR1 - £
| Data register "H" | | Capture register H| Q
o I =
1L} i TCPH
LOAD comparator latch J
Comparator EQ
N
[l ‘
JL LU
CKé—M - SR 8-bit counter H|
to P
X
CKO
8-bit mode
3
TCR1

1 1 )
[rstra1eso] resu]tesie| — | ruen|rrcr] e e

Port output enable
Timer0, Timerl
|_|_|_|_|_|—|PEN|TSELM
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@® Count clock selectors 0/1

Circuits that select input clocks. In timer O for the 8-bit mode or in the 16-bit mode, count clock selector O/
1 can select seven internal clocks and one external clock. In timer 1 for the 8-bit mode, the selector can
select only seven internal clocks.

@® Counter circuits 0/1

Counter circuit 0 and counter circuit 1 each consist of an 8-bit counter, a comparator, a comparator data
latch, and data registers (TDRO, TDR1).

The 8-bit counter is incremented according to the selected count clock and clock edge (rising/falling). The
comparator compares the counter value with the comparator data latch value. When these values match, the
counter is cleared and the data register value is set in (loaded to) the comparator data latch.

In the 8-bit mode, counter circuits 0 and 1 operate independently as timer 0 and timer 1, respectively. In the
16-bit mode, counter circuits O and 1 operate as the 16-bit counter in which counter circuit O is
concatenated as lower 8 bits and counter circuit 1 is concatenated as higher 8 bits.

@ Square wave output control circuit

When the comparator detects that the counter value matches the comparator data latch value in the 8- or 16-
bit mode, an interrupt request is generated. In this case, if square wave output is alowed, the corresponding
output control circuit inverts the output of the square wave output pin.

@® Timer 0/1 data registers (TDRO, TDR1)

TDRO and TDR1 are used to set the data to be compared with each 8-bit counter value at write.

@® Timer 0/1 control registers (TCRO, TCR1)
TCRO and TCR1 are used to select functions, allow and prohibit operations, control interrupts, and check
interrupt states.

@ 8/16-bit capture timer/counter interrupt

IRQ3: If the interrupt request output is allowed when the counter value equals the value set in the data
register in the interval timer or counter function, an IRQ3 interrupt request is generated. (In timer O
for the 8-bit mode or in the 16-bit mode, the interrupt request output is allowed when TCRO:
TOIEN=1. Intimer 1 for the 8-bit mode, the interrupt request output is allowed when TCR1: TLIEN =1.)
@ B8/16-bit capture counter interrupt

IRQ4: If the interrupt request output is allowed each time a capture input edge is detected, an IRQ4
interrupt request is generated. (In timer O for the 8-bit mode or in the 16-bit mode, the interrupt
reguest output is allowed when TCCR: TCEN=1.)

@ Capture data registers (TCPL, TCPH)

TCPL and TCPH store the number of events detected in the capture mode.
When capture datais read in the timer mode, the counter value is also read.

® Timer output control register (TCR2)

TCR2 isused to allow and prohibit square wave output and select timer 0 output/timer 1 output.
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8.3 Pins of 8/16-bit Capture Timer/Counter

This section provides pins of 8/16-bit capture timer/counter and a block diagram for
these pins.

B Pins of 8/16-bit Capture Timer/Counter
8/16-hit capture timer/counter pins include P33/EC and P34/TO/INT10.

® P33/EC pin

The P33/EC pin shares functions of the general-purpose I1/O port (P33) and the external clock for the timer
or capture input pin (EC).
EC:

When external clock input is selected (TCRO: TCS02, TCS01, TCS00=111g) in timer O for the 8-bit

mode or in the 16-bit mode, the clocks input to this pin are counted. In the capture function, this pin is
aso used as an input pin. When using this pin as the EC pin, set 0 in the port data 3-direction register
(DDRS: bit3) and set the output transistor to OFF to enable the EC pin to be used as an input port.

@® P34/TO/INT10 pin

The P34/TO/INT10 pin shares functions of the general-purpose 1/0 port (P34) and the square wave output
pin for thetimer (TO). It aso shares afunction of the input pin for external interrupt 1 (INT210).

TO:
In timer 0 or 1 (switching allowed) for the 8-bit mode or in the 16-bit mode, a square wave is output
from this pin. If square wave output is enabled (TCR2: PEN = 1), the P34/TO/INT10 pin automatically

functions as an output pin without reference to the port 3-direction register (DDRS3: hit4); it functions as
the TO pin. The TCR2: TSEL is used to select whether timer 0 output or timer 1 output isto be used.
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m Block Diagram for 8/16-bit Capture Timer/Counter Pins

Figure 8.3-1 Block Diagram for 8/16-bit Capture Timer/Counter Pins

r ----------------------------------- Externallnterrup allowed
 INTL0<—@ G, Bxernalin ~ {(IP34/TONNT10
| EC QF—= [ P33/EC
PDR
<
o - Stop mod
PDR read ‘Resource input | (Ss%ﬁ)_ n=101)e .
! : Pull-up resistor
b ! —\L— Resource Res_loubrlce output
» ! N~ available
3 PDR read i enable | I
© (At read-modify-write) ; Kc i
3 lI> Output ! o 5 —Do_ _| P-ch
? & latc : i
Ft’ PDR write Pin
[
- P33/EC
%D— DDR 9 Do-—[ N-ch P34/TO/INT10
DDR write Stop mode
(SPL=1)
|:}
PUL read
+ PUL
PUL write

Note:

When "pull-up resistor available”" is selected in the pull-up setting register, the pin state in the stop
mode (SPL = 1) becomes high (pull-up state), not Hi-Z. During the reset, however, pull-up becomes
ineffective and the pin state becomes Hi-Z.

169



CHAPTER 8 8/16-BIT CAPTURE TIMER/COUNTER

8.4 Registers of 8/16-bit Capture Timer/Counter

This section shows registers of 8/16-bit capture timer/counter.

B Registers of 8/16-bit Capture Timer/Counter

Figure 8.4-1 Registers of 8/16-bit Capture Timer/Counter

TCCR (capture control register) -
Address  bit7  bit6  hits  bit4  bit3  bitz  bitt  biro ~ 'Mitialvalue
00194 | cPIF JcEcLR] cPIEN Jccmsk] TcMsk]| EDGS1] EDGSO0[ RESV | 00000000s
R R/W R/W RW  R/W R/W R/W R/W
TCR1 (timer 1 control register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
001AH [ TIF1 [ TFcr1] TuEN | — [ 71cs12] Tesi11] Tes10] TSTR1] 000-00008
R R/W R/W R/W R/W R/W R/W
TCRO (timer 0 control register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
001BH | TIF0O [TFCRO [ TOIEN | cINV [ TCs02] Tcso1] TCsoo]| TSTRo| 000000008
R RW RW RW RW RW RW RW
TDR1 (timer 1 data register)
Address  hit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
001CH | | | | | | | | | XXXXXXXXB
RW RW RW RW RW RW RW RW
TDRO (timer O data register)
Address  pit7  bit6  bits  bit4 bit3  hit2 bitl  hit0 Initial value
001DH | | | [ [ | | [ | XXXXXXXXg
RW RW RW RW RW RW RW RW
TCPH (capture data register H)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
001EH | | | | | | | [ | XXXXXXXXB
R R R R R R R R
TCPL (capture data register L)
Address  pit7  bit6  bhits  bit4  bit3  bit2  hitl  bit0 Initial value
001FH | | | | | | | | | XXXXXXXXg
R R R R R R R R
TCR2 (timer output control register)
Address  bit7  bit6  hbit5  bitd bit3  bit2 bitl  hit0 Initial value
o204 | — [ — | — [ — [ — | — [ PEN] TSEL| ---008
R/W R/W
R/W : Readable/Writable
R : Read only
X : Undefined
— & Unused
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8.4.1 Capture Control Register (TCCR)

The capture control register (TCCR) is used to select functions and detection edges,
control interrupts, and check interrupt states in timer O for the 8-bit mode of the 8/16 bit
capture timer/counter or in capture mode (16-bit mode).

m Capture Control Register (TCCR)

Figure 8.4-2 Capture Control Register (TCCR)

Address  bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0 Initial value
0019+ | cpiF [creLr|cpien ecmsk]remsk]epesi|epeso| REsv| 000000005
R RW RW RW RW RW RW RW

Capture input selection bit

Operation is not affected at all.

EDGS1(EDGS0 Capture mode enable/edge detection selection bit
0 0 |Capture input prohibition | Operation in timer/counter mode

Falling edge selection

1
1 0 [Rising edge selection | operation in capture mode
1

Selection of both falling
and rising edges

TCMSK Compare match counter clear mask bit

0 The counter is cleared per compare match.

1 The counter is not cleared at compare match.

CCMSK Counter clear mask bit (at capture operation)
0 The counter is cleared when a capture edge is detected.
1 The counter is not cleared when a capture edge is detected.

CPIEN Capture interrupt request enable bit
0 Capture interrupt request output is prohibited.
1 Capture interrupt request output is allowed.

CFCLR Capture edge detection flag clear bit
0 Not affected (at read, always "0")
1 The capture edge detection flag is cleared.

CPIF Capture edge detection flag bit

0 No capture edge was detected.
1 A capture edge was detected.

R/W : Readable/Writable
R : Read only
[ : Initial value
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Table 8.4-1 Explanation of Functions of Each Bit in Capture Control Register (TCCR)

Bit name Function
! Thishit isset to "1" when the edge specified by EDGS1 and EDGS0 is
CPIF:
bit7 | Capture edge detection dete;cted. : - .
flao bit An interrupt request is output when this bit and the capture interrupt request
« enable bit (CPIEN) are"1".
CFCLR: Thisbit is used to clear the capture edge detection flag.
bit6 Capture edge detection When thisbitis"1" at write, the capture edge detection flag is cleared. When
flag clear bit "0", the capture edge detection flag is not affected (remains unchanged).
CPIEN: Thisbit isused to alow and prohibit interrupt request output to the CPU.
bit5 | Captureinterrupt request An interrupt request is output when this bit and the capture edge detection flag
enable bit bit (CPIF) are"1".
CCMSK: The counter state when a capture match is detected is set.
bit4 | Counter clear mask bit When thisbit is"0", the counter is cleared. When this bit is"1", the counter is
(at capture operation) not cleared.
TCMSK: The counter state when a compare edge is detected is set.
bit3 Compare match counter When thisbit is"0", the counter is cleared. When thisbitis"1", the counter is
clear mask bit not cleared.
These bits are used to allow and prohibit the capture function and select
EDGS1 and EDGSO: capture edges.
bit2, | Capture mode enable/ When using the 8/16-bit capture timer/counter in the capture mode, set these
bitl | edge detection selection bits to a value other than "00g".
bits When the edge set by these bitsis input, the capture edge detection flag bit
(CPIF) issetto"1".
bito | RESV: Reserved bit Even if thisbit isset to "0" or "1", the operation is not affected. The value

previously written becomes the read value.
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8.4.2 Timer 0 Control Register (TCRO)

The timer 0 control register (TCRO) is used to select functions, allow and prohibit

operation, control interrupts, and check interrupt states in timer 0 for the 8-bit mode of

the 8/16-bit capture timer/counter or in the 16-bit mode. Even if only timer O is used in

the 8-bit mode, the timer 1 control register (TCR1) must be initialized.

m Timer 0 Control Register (TCRO)

Figure 8.4-3 Timer 0 Control Register (TCRO0)

Address  bit7 bité bits

bit4 bit3 bit2 bitl bit0 Initial value

001By [ TIFo [tFcro] ToiEN] cinv [Tcsoz] Tesoresoo]TsTRO 000000005

R R/W  R/W

RW RW RW RW RW

Timer start bit

The counter operation is stopped.

The counter is cleared and increment starts.

TCS01| TCS00 |Clock source selection bits (oscillation: 12.5 MHz)

0 0 0 2tinsT [0.64 ps]
0 0 1 AtinsT [1.28 us]
0 1 0 16tinsT [5.12 ps]
0 1 1 64tinsT [20.48 us]
1 0 0 128tinsT [40.96 ps]
1 0 1 256tnsT [81.92 us]
1 1 0 512tinsT [163.84 us]
1 1 1 External clock
tinsT : Instruction cycle (Affected by the clock mode and others.)

CINV Count clock selection bit

@ The counter is incremented at the falling edge of a selected
clock source.
1 | The counter is incremented at the rising edge of a selected
clock source.

TOIEN Interrupt request enable bit
0 [Interrupt request output is prohibited.
1 Interrupt request output is allowed.

TFCRO Compare match detection flag clear bit
0 |Not affected (at read, always "0")
1 [ The compare match detection flag is cleared.

TIFO Compare match detection flag bit

R/W : Readable/Writable
R : Read only

3 : Initial value

No compare match has occurred.

A compare match occurred.
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Table 8.4-2 Explanation of Functions of Each Bit in Timer 0 Control Register (TCRO)

174

When using only timer O of the 8/16-bit capture timer/counter in the 8-bit mode, set a value other than
111g in the count clock selection bits (TCS12, TCS11, TCS10) of the timer 1 control register (TCRL).

Bit name Function
e 8-hit mode
When the counter value of timer 0 matches the value (comparator data latch)
) set in the timer O dataregister (TDRO), thisbitisset to"1".
TIFO: .
bit7 | Compare match *  16-bit mode . .
detection flag bit When the countq value of timer O matchesthg value set in TQRO and the
counter value of timer 1 matches the value set in TDR1, thishit isset to "1".
» Aninterrupt request is output when this bit and the interrupt request enable bit
(TOIEN) are"1".
TFCRO: « Thishit isused to clear the compare match detection flag bit (TIFQ). When this
bité Compare match bitisset to "1", the compare match detection flag is cleared. The flag is not
detection flag clear bit affected even if thisbit isset to "0".
TOIEN: » Thisbit isused to allow and prohibit interrupt request output to the CPU.
bit5 Interrupt request enable | = Aninterrupt request is output when this bit and the interrupt request enable bit
bit (TOIEN) are"1".
» Thisbit isused to select whether to increment the counter at the rising or
bita CINV: falling edge of a clock. When thisbitis"0", the counter isincremented at the
Count clock selection bit falling edge of the clock. When "1", the counter is incremented at the rising
edge.
« These hits are used to select the count clocks to be supplied to the counter.
» Select one clock from the seven internal clocks and one external clock.
bit3 TCS02, TCS01, TCS00: | * When these bits are 111, the external clock isinput. In this case, timer O can
to Clock source selection operate as the counter function.
bitl | bits Note:
When external clock input is selected (TCS02, TCS01, TCS00 = 111g), the
P33/EC pin must be set in the input port.
» Thisbit isused to start and stop the counter.
*  Whenthishitissetto"1", the counter is cleared and incremented according to
. TSTRO: the selected count clock. When thisbit is set to "0", the counter stopsits
bit0 . . .
Timer start bit operation.
*  Whenthetimer is started (TSTRO = 0 —1) in the 16-bit mode, the counters of
both timer 0 and timer 1 are cleared.
Note:

Using timer 0 with setting value TCS12, TCS11, TCS10 = 1115 results in a malfunction.
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Timer 1 Control Register (TCR1)

The timer 1 control register (TCR1) is used to select functions, allow and prohibit

operation, control interrupts, and check interrupt states in timer 1 for the 8-bit mode of
the 8/16-bit capture timer/counter. When used in the 16-bit mode, TCR1 is controlled by

the timer O control register (TCRO), but

TCRL1 setting is required.

m Timer 1 Control Register (TCR1)

Figure 8.4-4 Timer 1 Control Register (TCR1)

Address pit7

bit6 bits  bit4 bit3 bit2 bitl  bit0 Initial value

001Aw [ TIFL Jrecra] TuEN] — [resie[resiafresioltsTrY 000-0000,

R RW RW

RIW RW R/W R/W

||

Timer start bit

The counter operation is stopped.

The counter is cleared and increment is started.

TCS11{TCS10| Clock source selection bits (oscillation: 12.5 MHz)

0 0 2tinsT [0.64 us]

AtinsT [1.28 us]

16tinsT [5.12 us]

64tinsT [20.48 ps)

128tinsT [40.96 us)

256t NsT [81.92 us]

P |O|O|kR|Fr| O
O|r|O|F|O|

512tnsT [163.84 ps]

1 1 16-bit mode

tinsT - |

nstruction cycle (Affected by the clock mode and others.)

T1IEN

Interrupt request enable bit

Interrupt request output is prohibited.

Interrupt request output is allowed.

Compare match detection flag clear bit

Not affected (at read, always "0")

The compare match detection flag is cleared.

Compare match detection flag bit

A compare match has not occurred.

R/W : Readable/Writable 1

A compare match has occurred.

R : Read only
[ : Initial value
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Table 8.4-3 Explanation of Functions of Each Bit in Timer 1 Control Register (TCR1)
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When using timer 1 in the 16-bit mode, write 1115 to the TCS12, TCS11, and TCS10 bits and then

Bit name Function
e Thisbhitisset to"1" when the counter value of timer 1 matches the value
(comparator data latch) set in the timer 1 data register (TDR1).
TIF1: » Aninterrupt request is output when this bit and the interrupt request enabl e bit
bit7 | Compare match (T1IEN) are"1".
detection flag bit Note:
In the 16-bit mode, the TIFO bit of TCRO isvalid. The TIF1 bit is unrelated to
operation.
TFCR1: e Thishit isused to clear the compare match detection flag bit (TIF1). When this
bité Compare match bit isset to "1", the compare match detection flag is cleared. The flag is not
detection flag clear bit affected even if thisbit isset to "0".
T1IEN: » Thisbit isused to allow and prohibit interrupt request output to the CPU.
bit5 Interrupt request enable | «  Aninterrupt request is output when this bit and the interrupt request enable bit
bit (TOIEN) are"1".
. » Thisbit isundefined at read.
bit4 | Not used » At write, thisbit does not affect operation.
« These hits are used to select the count clocks to be supplied to the counter.
. | = Of seveninternal clocks, select one.
bit3 ) TCSI2, TCSLL, TC_SlO. *  When 1115 iswritten to these bits, timer 1 operates as the 16-bit mode.
to Clock source selection
bitl | bits Note: . . .
In the 16-bit mode, the TCS02, TCS01, and TCS00 bitsare valid. The TCS12,
TCS11, and TCS10 hits are used to select the 16-bit mode only.
e Thisbhit isused to start and stop the counter.
« Whenthishitissetto"1", the counter is cleared and incremented according to
. TSTRLIL: the selected count clock. When this bit is set to "0", the counter stopsits
bit0 ) . .
Timer start bit operation.
* Inthe 16-bit mode, only the TSTRO bit can be used to start the timer. The
TSTR1 bit is unrelated to operation.
Note:

control timer 1 with TCRO.
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8.4.4 Timer Output Control Register (TCR2)

The timer output control register (TCR2) is used to allow and prohibit the square wave
output of the 8/16-bit capture timer/counter and select timer O output and timer 1 output.

m Timer Output Control Register (TCR2)

Figure 8.4-5 Timer Output Control Register (TCR2)

Address _bit7 b6 bits  bit4 bit3 bit2  bitl  bit0  |nitial value
ooz0n [~ —T — [ — — [ — Teen[rsel] —ooe
RW  R/W

|9 TSEL Timer output selection bit

0 Timer 0 output in the 8-bit mode or output in the 16-bit mode
is selected.

1 | Timer 1 output in the 8-bit mode is selected.

—>| PEN Port output enable bit
0 |The P34/TO/INT10 pin acts as the general-purpose port (P34).

1 The P34/TO/INT10 pin acts as the square wave output pin
of the 8/16-bit capture timer/counter.

R/W : Readable/Writable

[] : Initial value

Table 8.4-4 Explanation of Functions of Each Bit in Timer Output Control Register (TCR2)

Bit name Function
bit7 . .
o Unused bits « Atread, the values of these bits are undefined.
bit2 « At write, these bits do not affect operation.
PEN- ¢ Whenthishitis"0", the P34/TO/INT10 pin acts as the general -
bitl Port output enable bit EJ_:_J(rSose port (P34). When "1", it acts as the square wave output pin
¢ Whenthishitis"0", timer O output in the 8-bit mode or output in the
bit0 TSEL: 16-bit mode is selected. In this case, datais output from the TO pin.
Timer output selection bit When "1", timer 1 output in the 8-bit mode is selected. In this case,
datais also output from the TO pin.
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8.4.5 Timer 0 Data Register (TDRO)

The timer 0 data register (TDRO) is used to set the timer 0 value in the 8-bit mode of the
8/16-bit capture timer/counter or the interval timer value (interval timer function) or
counter value (counter function) of the lower 8 bits in 16-bit mode.

m Timer 0 Data Register (TDRO)

The values set in this register are compared with those set in the counter. Figure 8.4-6 shows the bit
structure of timer O data register (TDRO).

Figure 8.4-6 Timer 0 Data Register (TDRO)

Address  hit7  bit6  bit5  bit4 bit3  bit2 bitl  bit0 Initial value
001DH | | | | | | | | | x00000cxe

RW RW RW RW RW RW RW R/W

R/W : Readable/Writable
X : Undefined

® 8-bit mode (timer 0)

The values set in this register are compared with those set in the counter. When the interval timer function
is used, an interval timer value is set. When the counter function is used, the count value to be detected is
set. When the count operation is allowed (TCRO: TSTRO = 0 —1), the value in TDRO is set in (loaded to)
the comparator data latch and the counter is incremented.

When the values in the comparator data latch match those in the counter as a result of the increment, the
valuesin the TDRO are reset in the comparator data latch, the counter is cleared, and the count operation is
continued.

The comparator data latch is reset when a match is detected, thus, the values written to the TDRO when the
counter isin operation become valid from the next cycle (after match detection).

Note:

The values set in TDRO when the interval timer is in operation can be calculated from the expression
shown below. However, the instruction cycle is affected by the clock mode and gear function.

Vaues set in TDRO = interval time/(count clock cycle x instruction cycle) - 1
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@® 16-bit mode

The valuesin TDRO are compared with the counter values in the lower 8 bits of the 16-bit timer.

When the interval timer function is used, the lower 8 bits of the interval time are set. When the counter
function is used, the lower 8 hits of the count value to be detected are set. The valuesin TDRO are loaded to
the lower 8 hits of the comparator data latch when matching the counter values of the 16-bit timer or when
the count operation is started. The values written to TDRO when the 16-bit counter is in operation become
valid after match detection.

For the values set in TDR1 when the interval timer function is used, see Section "8.4.6 Timer 1 Data
Register (TDR1) ".
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8.4.6 Timer 1 Data Register (TDR1)

The timer 1 data register (TDR1) is used to set the timer 1 value in the 8-bit mode of the
8/16-bit capture timer/counter or the interval timer value (interval timer function) or
counter value (counter function) of the higher 8 bits in the 16-bit mode.

B Timer 1 Data Register (TDR1)
The values set in this register are compared with those set in the counter.
Figure 8.4-7 shows the bit structure of timer 1 dataregister (TDRL).

Figure 8.4-7 Timer 1 Data Register (TDR1)

Address  bit7 bit6 bits bit4 bit3 bit2 bitl  bit0 Initial value
001CH | | | | | | | | | XXXXXXXXB
RW RW RW RW RW RW RW R/W

R/W : Readable/Writable
X : Undefined

@ 8-bit mode (timer 1)

The values set in this register are compared with those set in the counter. When the interval timer function
is used, an interval timer value is set. When the counter function is used, the count value to be detected is
set. The values in TDRL1 are reset in (loaded to) the comparator data latch when they match the values in
the counter or when the count operation is started.

The values written to TDR1 when the counter is operating become valid from the next cycle (after match
detection).

Note:

The values set in TDR1 when the interval timer is operating can be calculated from the expression
shown below. However, the instruction cycle is affected by the clock mode and gear function.

Vauessetin TDR1 = interval time/(count clock cycle x instruction cycle) - 1

180



CHAPTER 8 8/16-BIT CAPTURE TIMER/COUNTER

@® 16-bit mode

The vauesin TDR1 are compared with the counter values in the higher 8 bits of the 16-bit timer.

When the interval timer function is used, the higher 8 bits of the interval time are set. When the counter
function is used, the higher 8 hits of the count value to be detected are set. The valuesin TDR1 are |oaded
to the higher 8 bits of the comparator data latch when matching the counter values of the 16-bit timer or
when the count operation is started. The values written to TDR1 when the 16-bit counter is operating
become valid after match detection. In the 16-bit mode, the count operation is controlled by the timer O
control register (TCRO).

Note:

The values set in TDRO and TDR1 when the interval function is used can be calculated from the
expression shown below. However, the instruction cycle is affected by the clock mode and gear
function.

16-bit data value = interval time/(count clock cycle x instruction cycle) - 1
The higher 8 bits of the 16-bit data value are set in TDR1 and the lower 8 bits are set in TDRO.
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8.4.7 Capture Data Registers Hand L (TCPH and TCPL)

The capture data register H (TCPH) stores the number of events of the higher 8 bits in
the 16-bit capture mode of the 8/16-bit capture timer/counter.

The capture data register L (TCPL) stores the number of events in the 8-bit capture
mode of the 8/16-bit capture timer/counter or the number of events of the lower 8 bits in
the 16-bit capture mode.

In the read operation in the timer/counter mode, counter values are read.

m Capture Data Registers H and L (TCPH and TCPL)

The number of events detected in the capture mode is stored in TCPH and TCPL. Data cannot be written to
these registers because the registers are read-only.

Figure 8.4-8 shows the bit structures of capture dataregistersH and L.

Figure 8.4-8 Bit Structures of Capture Data Registers H and L (TCPH and TCPL)

Address hit7  hité bit5  bit4 hit3 bit2 bitl  bit0 Initial value

TCPH 001EH| | | | | | | | | X0

TCPL  001FH | | | | | | | | | XXXXXXXXB
R R R R R R R R

R : Readonly
X : Undefined
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8.5 8/16-bit Capture Timer/Counter of Interrupts

The 8/16-bit capture timer/counter generates an interrupt if the values set in a data
register match those set in the counter when the interval timer or counter is operating.
The interrupt level is IRQ3 when generated by the 8/16-bit capture timer/counter. When
the capture is in operation and a capture edge is detected, IRQ4 is generated.

W 8/16-bit Capture Timer/Counter of Interrupts
Table 8.5-1 shows the interrupt request flag bit, interrupt flag clear bit, interrupt request enable bit, and the
cause of the 8/16-hit capture timer/counter interruption.

Table 8.5-1 Interrupt Control Bits and the Cause of the 8/16-bit Capture Timer/Counter Interrupt

8-bit mode 16-bit mode Capture mode
Timer O Timer 1 Timer 0 + timer 1 Timer O ortimer 0 +
timer 1

Interrupt request flag bit TCRO: TIFO TCR1:TIF1 TCRO: TIFO TCCR: CPIF
Interrupt flag clear bit TCRO: TFCRO TCR1: TFCR1 TCRO: TFCRO TCCR: CFCLR
Interrupt request enable bit TCRO: TOIEN TCR1:T1IEN TCRO: TOIEN TCCR: CPIEN

Thevauesin Thevauesin Thevauesin
Interrunt Cause TDRO match TDR1 match TDRO and TDR1 A capture edgeis

P those in the 8-bit those in the 8-hit match those in the detected.
counter. counter. 16-bit counter.

In the 8-bit mode, timer 0 and timer 1 independently generats the interrupt request for 8/16-bit capture
timer/counter. In the 16-bit mode, timer 0 generates the interrupt request. All basic operations are the same.
Timer O interrupt operation in the 8-bit mode is explained here.

® Timer O interrupt operation in the 8-bit mode

The counter value is incremented according to the selected count clock, starting at 00y. When the counter
value matches the value set in the comparator data latch (timer O data register (TDRO)) corresponding to the
timer O dataregister (TDRO), the compare match detection flag bit (TCRO: TIFO) isset to "1".

In this case, when the interrupt request flag bit is allowed (when TCRO: TOIEN = 1), timer O generates an
interrupt request (IRQ3) to the CPU. Set the TFCRO bit to "1" and clear the interrupt request with the
interrupt processing routine.

When the counter value matches the value set in the comparator data latch, the TIFO bit is set to "1"
regardless of the TFCRO bit value.

In the 8-bit mode, timer 0 and timer 1 operate independently, and because they generate the same interrupt
request (IRQ3), determination of the interrupt request flag by software may be required.
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Notes:

¢ When the counter value matches the TDRO value and at the same time the counter stops (TCRO:
TSTRO =0), the TIFO bit is not set.
If the TOIEN hit is set to "1" (enable) when the TIFO bit is "1", an interrupt request is generated
immediately.

 If the compare register value is 0000y or 00y, the 8/16-bit capture timer/counter cannot generate an
interrupt. Therefore, when using interrupts, set a value greater than or equal to 0001 or 01. The 8/

16-bit capture timer/counter also cannot generate an interrupt if the counter function detects the
0000y or 004 width.

B Register and Vector Table Related to 8/16-bit Capture Timer/Counter of Interrupts

Table 8.5-2 Register and Vector Table Related to 8/16-bit Capture Timer/counter of Interrupts

Interrupt level setting register Vector table address
Interrupt
name Register Setting bit Higher Lower
Timer/counter IRQ3 ILR1 (007By) L31 (bit?) L 30 (bit6) FFF4,, FFF5,
function
Capture function IRQ4 ILR2 (007Cy,) L41 (bit1) L40 (bit0) FFF2y FFF3,

For interrupt operation, see Section "3.4.2 Stepsin the Interrupt Operation ".
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8.6 Explanation of Operations of Interval Timer Functions

CHAPTER 8 8/16-BIT CAPTURE TIMER/COUNTER

This section describes the interval timer function operation of the 8/16-bit capture timer/

counter.

m Interval Timer Function Operation

@® 8-bit mode

To operate timer 0 as the interval timer function in the 8-bit mode, the function must be set as shown in

Figure 8.6-1 .

Figure 8.6-1 Setting of Interval Timer Function (Timer 0)

TCCR

TCR1

TCRO

TCR2

TDRO

bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0
| cPIF [CFCLR| CPIEN [ccMmsk|TcMSK|EDGS1|EDGSO] RESV |

X X X X x L Settingof 00 @ X
| TFL [TFcRr1[ TuEN | — [Tcsi2[Tesi1[Tcs10]TSTRI]
X X X L Setting of a value-! X

other than 111

[ TiIFo [TFcro| ToiEN| cinv [ Teso2] Teso1 | Tesoo [TSTRO]

© © © © L Setting of a value - ©
other than 111

I -1 — [ — 1T — 1T =1 — T Pe~n] TsEL]
®© ©

| Setting of interval time |

. Used bit
: Unused bit

To operate timer 1 as the interval timer function in the 8-bit mode, the function must be set as shown in

Figure 8.6-2 .
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Figure 8.6-2 Setting of Interval Timer Function (Timer 1)

bit7  bit6  bits  bit4  bitd  bit2  bitl bt
TccR | CPIE [CFCLR] CPIEN [CCMSK]TCMSK[EDGS1[EDGSO[ RESV |

X X X X X L Settingof 00~ X
Tcrr [ TFr [Trcri] Tuen| — [Tcsi2]tcsii]rcsio]TSTR1]
© © © L Setting of a value - ©

other than 111

Tcro | TIFo | TFCRO] ToIEN | cINV [TCs02] Tcso1] TCs00] TSTRO]

L Setting of a value 1
X X X © other than 111 X

Tcrz | — | — | — | — | — | — | pe~n| 7sEL]
© ©

TDR1 | Setting of interval time |

©  : Used bit

X : Unused bit

When the counter is activated in the 8-bit mode, increment begins at the rising or falling edge of the
selected clock, starting at 00y. When the counter value matches the value set in the data register
(comparator data latch), the interrupt request bit (TCRO: TIFO or TCR1: TIF1) of the timer O control
register is set to "1" and the count operation is started at 00. If the counter value matches the value set in
the data register when timer 0 is being used, the output of the square wave output control circuit toggles.
When sguare wave output is allowed (TCR2: PEN) and timer O is set to output selection (TCR2: TSEL =
0), asquare wave is output from the timer output pin (TO). If the counter value matches the value set in the
data register when timer 1 is being used, the output of the square wave output control circuit toggles. When
sgquare wave output is allowed (TCR2: PEN) and timer 1 is set to output selection (TCR2: TSEL = 1), a
square wave is output from the timer output pin (TO).

Figure 8.6-3 shows interval timer function operation in the 8-bit mode.
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Figure 8.6-3 Interval Timer Function Operation in 8-bit Mode (Timer 0)

Comparison

Counter value value Comparison value (FFp)
(EOn)

FFH
EOH

80H

Time

TDRO value (EOn —=> FFy)(D)

value
(EOH)

TDRO Clear by program

TIFO bit

Start Match Match Match

Counter clear(*2)

TSTRO bit — —_—

TO pin

*1: If the data register is rewritten when the counter is in operation, the interval timer
function becomes valid from the next cycle.

*2: When timer 0 is started or when a match is detected, the counter is cleared and the
values in the data register are loaded to the comparator data latch.
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@® 16-bit mode

To operate timer 0 as the interval timer function in the 16-bit mode, the function must be set as shown in
Figure 8.6-4 .

Figure 8.6-4 Setting of Interval Timer Function in 16-bit Mode

bit7  bit6  hbits  bit4  bit3  bit2  bitl  bit0
TCCR | CPIF_[CFCLR|CPIEN |CCMSK|TCMSK|EDGS1|EDGSO0| RESV |

X X X X X L settingof 00 - X
TCR1 | TIF1 [TFCR1|T1IEN| — [7Cs12[TCs11[TCcs10]TSTRI)
X X X 1 1 1 X

TCRO | TIFo [TFCRO| TOIEN]| CINV | TCS02]TCS01|TCS00]|TSTRO]

L Setting of a value -
© © © © other than 111 ©

Tcrz2 | — | — | — | — | — | — | PEN|[TSEL]
© 0

TDR1 | Setting of higher 8 bits of interval time |
TDRO | Setting of lower 8 bits of interval time |
©  : Used bit

X : Unused bit

0 : Set"0"

1 . Set"1"

In the 16-bit mode, timers are controlled by the timer O control register (TCRO), but the timer 1 control
register (TCR1) must be initialized. The values to be set in the data register are the higher 8 hits of TDR1
and the lower 8 bits of TDRO (16 bitsin total). The values are compared with the 16-bit counter value. The
16 hits of the counter are cleared at the same time. Other operations in the 16-bit mode are the same as
timer O operation in the 8-bit mode.
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8.7 Operation of Counter Functions

This section describes the operation of the 8/16-bit capture timer/counter function.

m Counter Function Operation

@® 8-bit mode

To operate timer 0 as the counter function in the 8-bit mode, the function must be set as shown in Figure

8.7-1.

Figure 8.7-1 Setting of Counter Function in 8-bit Mode

DDR3

TCCR

TCR1

TCRO

TCR2

TCDL

TDRO

~ O X

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

X X X X 0 X X X

[ cpPIF [cFCLR]CPIEN [ccMsK TCMSK]EDGS1]EDGSO] RESV |

X X X X © L Settingof00- X
| TIF1 |[TFCR1|T1EN | — |7cs12|TCs11|Tcs10|TSTRY|
X X X L Settin%ofavalue . X
other than 111

| TIF0 | TFCRo| TOIEN| CINV | TCS02] TCS01| TCS00|TSTRO]
© © © © 1 1 1 ©

I — [ — 1T — [ — 1 — 1 — | PEN] TSEL]
X X

| Number of detected events |

| Setting of the counter value to be compared |

. Used hit

. Unused bit
. Set"0"

. Set "1"

Counter function operation in the 8-bit mode is the same asinterval timer function (timer 0 in
8-bit mode) operation except that the external clock is used instead of the internal clock.

The number of events can be known by reading the capture data register (TCPL). A specific number of
events can be known by the event count detection function.
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@® Detection of the number of events

In the external clock mode, counter clear can be prohibited by the compare match counter clear mask bit
(TCMSK) of the capture control register (TCCR) when a match is detected. Setting the compare match
counter clear mask bit to "1" enables the event count detection function to be used. In this case, a compare
match does not cause data to be re-loaded to the compare latch. To update the compare latch value, stop
and restart the timer.

Figure 8.7-2 shows counter function operation in the external clock mode in which TCMSK is used.

Figure 8.7-2 Counter Function Operation in External Clock Mode

EC e eeerereeieeeenes
N I N O M I
TSTRO=1 I
TDRO X 7FH X FFH X 55n
TCMSK=0
Compare latch x 7Fu X FFn
Counter clear I-I | |
Counter value Gfined YO 004 X 01n X 02v X 03n T 7Eq X 7Fa X_ 00w X014 )
TCMSK=1
Compare latch >< 7F
Counter clear I-I ..... -
Countr vaive §5gzg XX 008 Y03 X 0B X8 B X T X 8on X )
TIFO I_I_
TFCRO=1 (W)
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® 16-bit mode
To operate timer O as the counter function in the 16 bit mode, the function must be set as shown in Figure
8.7-3.
Figure 8.7-3 Setting of Counter Function in 16-bit Mode
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
DDR3 | | | | | | | | |
X X X X 0 X X X
TCCR | cPIF [CFCLR | CPIEN [cCMSK|TCMSK | EDGS1|EDGS0| RESV |
X X X X © L Settingof00 - X
Tcrt [ TiFr [ TFCrRi[ TLEN | — [ 7cs12] Tesi1] Tcsio0] TsTR1)
X X X 1 1 1 X
Tcro | TIF0 | TFCRO| TOIEN | cINV | TCcso2] TCso1] TCso0| TSTRO]
© © © © 1 1 1 ©
Tcrz2 | — | — | — | — | — | — | pPeN[ TsEL|
X X
TDR1 | Setting of the higher 8 bits of the counter value to be compared |
TDRO | Setting of the lower 8 bits of the counter value to be compared |
TCPH | Higher 8 bits of the number of detected events |
TcPL | Lower 8 bits of the number of detected events |
©  : Used bit
X : Unused bit
0 : Set"0"
1 : Set"1"

Counter function operation in the 16-bit mode is the same as interval timer function operation in the 16-bit
mode, except that the external clock is used instead of the internal clock.

Figure 8.7-4 shows counter function operation in 16-bit mode.
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Figure 8.7-4 Counter Function Operation in 16-bit Mode

External clock | | | | | | L |

Counter clear |

TSTRO bits ,

Counter value > 00004 X 00014 X 0002 X 0003, {1388, 0000, ) 0001, X
Comparator data latch 1
(IoweP8-bit comparison value) D( 88 >< 3
Comparator data latch 2
(highgr 8-bit comparison value) ( 13+ >4\< 124

Load Load

TDRO*

(lower 8-bit setting value) 88 X 344

TDR1*

(higher 8-bit setting value) 134 ),[\< 120

Data setting (1234n)
TIFO

*.

Clear by program

A value can be set according to any timing. When the counter is started or when a match is detected,

the data register setting value is loaded to the comparator data latch. In this case, the counter is cleared.
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8.8 Functions of Operations of Capture Functions

This section describes the capture function operation of the 8/16-bit capture timer/
counter.

m Capture Function Operation

@® 8-bit mode

To operate the capture function in the 8-bit mode, the function must be set as shown in Figure 8.8-1 .

Figure 8.8-1 Setting of Capture Function in 8-bit Mode

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
DDR3 | | | | | | | | |
X X X X 0 X X X

Tccr | cpiF | creLr| cpien | cemsk] Temsk| EpGsi| Epgso| REsV |
© © © © © L Settingofavalue - X

other than 00

TcRt | miFr | TFcri| Tuen | — | tesiz| Tesi1]| tesi0| TsTRI|
X X X L Setting of a value other X
than 111
TcrRo | TIFo | TFcro| TolEN | cInv | Teso2| Teso1| Tesoo]| TsTRO]
© © © © . Setting of a value other - ©
than 111
tecre | — | — | — | — | — | — | pen| 7sEL|
X X
TCPL | Number of detected events |

©  : Used bit
X : Unused bit
0 : Set"0"

The 8-bit capture mode is allowed by the capture mode enable/edge detection selection bits (EDGS1 and
EDGS0) of the capture control register (TCCR). "1" iswritten to the timer start bit (TSTRO) after the clock
source selection bits (TCS02, TCS01, and TCS00) of the timer O control register (TCRO) have been set.

In the capture mode, the count value is captured to the capture data register (TCPL) each time a capture
input edge is detected and the capture edge detection flag (CPIF) is set to "1". In this case, if the capture
interrupt enable bit (CPIEN) isaready set to "1", an interrupt request is output to the CPU.

The capture mode is divided into free-run mode and clear mode.
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® Free-run mode

Setting the clear mask bits (CCMSK and TCM SK) of TCCR to 11 enables the capture function to operate
asthe free-run timer.

@® Clear mode

Setting the clear mask bits (CCMSK and TCMSK) of TCCR to a value other than 115 enables the capture
function to operate as a clear mode.

The clear mode enables the measurement of signal pulse widths and cycles. In this case, using the clear
mode with the compare match detection function also enables the determination of signal availability.

Note:

The capture input pin also serves as the externa clock input pin. The external clock mode cannot be
used in the capture mode.

Table 8.8-1 shows the relationship between the counter mode and the compare latch operation according to
the clear mask bit value.

Table 8.8-1 Relationship between Counter Mode and Compare Latch Operation

Data load to compare latch and counter clear
(provided/not provided)

CCMSK | TCMSK Counter mode At capture edge detection At compare match
Data load Counter clear Data load Counter clear
0 0 Provided Provided Provided Provided
0 1 Clear mode Provided Provided Not provided Not provided
1 0 Not provided Not provided Provided Provided
1 1 Free-run mode Not provided Not provided Not provided Not provided
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Figure 8.8-2 Capture

CHAPTER 8 8/16-BIT CAPTURE TIMER/COUNTER

Mode Operation

EQ CAP CAP
Counter clear n I-I m I-I
o / — - -
TDRO _l [ J
Compare latch I_
Count value \ /IB/
0000y ----- a e Tl R \ -1 Y
Capture latch :X | \\ X X \| X
Capture input (EC) \/I_I |_| \ | I
TSTRO |
TIFO
TFCRO = 1 (W) \ TFCRO = 1 (W)
CPIF | [ |

[CFCLR=1(W) CFCLR=1(W)

CCMSK=0
TCMSK=0

CCMSK=1
TCMSK=0

CCMSK=1
TCMSK=1
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@® 16-bit mode
To operate the capture function in the 16-bit mode, the function must be set as shown in Figure 8.8-3 .

Figure 8.8-3 Setting of Capture Function in 16-bit Mode

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

DDR3 | | | | | | | | |
X X X X 0 X X X

TcCR | cPIF |cFCLR] cPIEN [ccMsK|TCMSK|EDGS1|EDGS0 | RESV |

© © © © © LSetting of a value- X
other than 00

TcrR1 | TIFL Jrrcrai[TUHEN ] — Jrcsi12[T1csi11[TCS10 [TSTR1]
X X X - Setting of 111 ~ 0

TCcRO | TIFO [TFCRO|TOIEN | CINV [TCS02 | TCS01][TCS00 [ TSTRO|

© © © © L Setting of a value - ©
other than 111

TcRe [ — [ — T — T — T — T — TPEN JTSEL ]
X X
TCPH | Higher 8 bits of the number of detected events |
TCPL | Lower 8 bits of the number of detected events |
© @ Used bit
X1 Unused bit
0 : Set"0"

To set the 16-hit capture mode, set the TCS12, TCS11, and TCS10 hits of the timer 1 control register
(TCR1) to 1115.

In the 16-bit mode, timers are controlled by the timer O control register (TCRO0). The higher 8 bits of the
number of detected events are stored in the capture data register H (TCPH), and the lower 8 bits are stored
in the capture dataregister L (TCPL).

For operation in the 16-bit mode, see operation in the 8-hit mode.
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8.9 8/16-bit Capture Timer/Counter Operation in Each Mode

This section describes the operation of the 8/16-bit capture timer/counter when it
switches to the sleep or stop mode or when a halfway stop request is issued during the
operation of the interval timer or counter function.

B Operation in Standby Mode and at Halfway Stop

Figure 8.9-1 shows the counter value states if the 8/16-hit capture timer/counter switches to the sleep or
stop mode or when a halfway stop request is issued when the interval timer or counter function is in
operation (at timer O operation).

When the counter switches to the stop mode, it retains the value and stops. If the stop mode is released by
an external interrupt, the counter starts its operation at the retained value, and so the first interval time and
external clock count are incorrect. When the stop mode is rel eased, the 8/16-hit capture timer/counter must
beinitialized.

When the counter is temporarily stopped (TSTRO = 0), it retains its value and stops. If the subsequent
operation is continued (TSTRO = 1), the count value is cleared and the counter is restarted.

Figure 8.9-1 Counter Operation in Standby Mode and at Halfway Stop

Counter value

Value set in data
register

0000H

Time
Start Match Match Match Match Match
Counter clear n N n N n M M
( Temporary stop
TSTRO bit [
—I Clear by program

TIFO bit I i

TO pin SR I Y S— I I R

Sleep

SLP bit
(STBC register)

Sleep release by IRQ3 /|\ Stog
STP bit

(STBC register) Ly
External interrupt

* When the pin state specification bit (SPL) of the standby control register (STBC) is "1" and the TO pin is not
pulled up, the TO pin in the stop mode becomes Hi-Z. When the pin state specification bit (SPL) is "0", the value
immediately before the 8/16-bit capture timer/counter switches to the stop mode is retained.
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8.10

Notes on Using 8/16-bit Capture Timer/Counter

This section provides notes on using the 8/16-bit capture timer/counter.

m Notes on Using the 8/16-bit Capture Timer/Counter

@® Error

The start of the 8/16-bit capture timer/counter by a program is asynchronous with the start of the counter
incremented by the selected count clock, and therefore, the error (a time difference) continues until the
counter value matches the set data. Such a time difference may shorten the total count duration by a
maximum of one count clock cycle. Figure 8.10-1 shows the error (a time difference) that prolongs the
actual start of count operation.

Figure 8.10-1 Error Occurring until the Count Operation is Started

Counter value 0 X 1 X 2 X 3 X 4 X:
Count clock I I | | | | | | I | I_

1 cycle

Count 0
Error cycle
S S——
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Counter start
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@ Using only timer 0 in 8-bit mode

When using only timer O of the 8/16-bit capture timer/counter in the 8-bit mode, set avalue other than 111

in the count clock selection bits (TCS12, TCS11, TCS10) of the timer 1 control register (TCR1). Using
timer O without setting 1115 results in a malfunction.

@® Note on setting by program

When using the 8/16-bit capture timer/counter in the 16-bit mode, set the count clock selection bits
(TCS12, TCS11, TCS10) of TCR1 to 111p.

Before using the counter values when the counter is in operation with 16-bit mode, be sure to read the
counter values twice and confirm that the values are valid.

Even if square wave output is initialized when the timer is in operation (TCRO: TSTRO = 1), the output
value is not modified. The output state is initialized when the timer operation stops.

When the interrupt request flag bits (TCCR: CPIF, TCRO: TIFO, TCR1: TIF1) are "1" and the interrupt
reguest enable bits are allowed (TCCR: CPIEN, TCRO: TOIEN, and TCR1: T1IEN = 1), return from an

interrupt isimpossible. In this case, clear the interrupt request flag bits (TCCR: CFCLR = 1, TCRO: TFCRO =
1, and TCR1: TFCR1 = 1).
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When the counter operation stops according to the timer start bits (TCRO: TSTRO =0 and TCR1: TSTR1 =
0) and the interrupt source occurs at the same time, the interrupt request flag bits (TCRO: TIFO and TCR1:
TIF1) are not set.

In the capture mode, no external clock can be selected; set the count clock bits (TCS12,TCS11, and TCRL1:
TCS10) to avalue other than 111g.

@® Note on using interrupts

If the compare register value is 0000 or 00, the 8/16-bit capture timer/counter cannot generate interrupts.
For this reason, when using interrupts, set a value greater than or equal to 0001y or 01y. The 8/16-bit
capture timer/counter cannot generate interrupts if the capture counter function detects the 0000y or 00
width.
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8.11 Program Example for 8/16-bit Capture Timer/Counter

This section provides program examples of the 8/16-bit capture timer/counter.

B Program Example of Interval Timer Function

@® Processing specifications

* Inthe 8-bit mode, only timer 0 is used to generate a 20 msinterval timer interrupt.

« When theinterval time has elapsed, the square wave to be inverted is output to the TO pin.

* At 12.5-MHz oscillation (Fc), the TDRO value whose interval time becomes 20 ms at the maximum
gear speed (1 instruction cycle = 4/Fcy) is shown below. The count clock is 256t,ygr of the internal
count clock.
TDRO value = 20 mg/(256 x 4/12.5 MHz) - 1 = 244 (F4.)

@® Coding example

TCCR
TCR1
TCRO
TCR2
TDR1
TDRO

TIFO
ILR1
INT_V

IRQD
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; Address of capture control register

; Address of timer 1 control register

; Address of timer O control register

; Address of timer output control register
; Address of timer 1 data register

; Address of timer 0 data register

Defines the timer O interrupt request flag bit.

; Address of interrupt request setting register
; [DATA SEGMENT]

;  Setsan interrupt vector.

EQU 0019H
EQU 001AH
EQU 001BH
EQU 0020H
EQU 001CH
EQU 001DH
EQU TCRO:7
EQU 007BH
DSEG ABS
ORG OFFFOH
DW WARI
ENDS
Main program
CSEG
CLRI
MoV ILR1,#10111111B
MOV TCRO0,#01001010B
MoV TCR1,#01000010B
MoV TDRO,#F4H

[CODE SEGMENT]

;. The stack pointer (SP), etc., isaready initialized.

Disables the interrupt.

; Setstheinterrupt level to 2.
; Clearsthetimer O interrupt request flag, incrementsthe

counter at arising edge, selects 256ty s, and stops the
operation.

; Clearsthetimer 1 interrupt request flag, prohibits

interrupt request output, sets a mode other than the 16-
bit mode, and stops the operation.

; Setsthevalue (interval time) to be compared with the

counter value.



MOV TCR2,#00000010B
MOV TCRO0,#10101011B

SETI

WARI

Interrupt program

CHAPTER 8 8/16-BIT CAPTURE TIMER/COUNTER

; Outputs a square wave (TO) from the P34 pin.

;  Allowstimer O interrupt request output, clears the
counter, and starts the timer.

; Enablesthe CPU interrupt.

CLRB TIFO
PUSHW A
XCHW AT

PUSHW A

User processing

; Clearstheinterrupt request flag.

POPW A
XCHW AT
POPW A
RETI

ENDS

END
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m Program Example of Counter Function

@ Processing specifications

« Inthe 16-bit mode, timer 0 and timer 1 are used to generate an interrupt whenever the external clock to
be input to the EC pin is counted 5,000 times (1388,).

* The sample program for reading the 16-bit counter value when the counter is in operation is shown
below (READ16).

® Coding example

DDR3 EQU 0OODH ; Address of port 3-direction register
TCCR EQU 0019H ; Address of capture control register
TCR1 EQU 001AH ; Address of timer 1 control register
TCRO EQU 001BH ; Address of timer O control register
TDR1 EQU 001CH ; Address of timer 1 dataregister
TDRO EQU 001DH ; Address of timer O data register
TIFO EQU TCRO:7 ;  Definesthe timer O interrupt request flag bit.
ILR1 EQU 007CH ; Address of interrupt level setting register 2
INT_V DSEG ABS ; [DATA SEGMENT]
ORG OFFFOH
IRQD DW WARI ; Setstheinterrupt vector.
ENDS
; Main program
CSEG ; [CODE SEGMENT]

; The stack pointer (SP), etc., isalready initialized.

MOV DDR3,#00000000B ; Setsthe EC pin to input.

CLRI ; Disablesthe interrupt.

MOV ILR1,#10111111B ; Setstheinterrupt level to 2.

MOV TDRO,#088H ;  Setsthe counter value and the lower 8 bits of the
compare value.

MOV TDR1,#013H ;  Setsthe counter value and the higher 8 bits of the
compare value.

MOV TCR1,#00001110B ; Setstimer 1to 16-bit mode.

MOV TCR0,#01101111B ; Clearsthetimer O interrupt request flag, allows interrupt

request output, selects an external clock, clears the
counter, starts the operation, and increments the counter

at arising edge.
SETI ; Enables a CPU interrupt.
X Data read subroutine
READ16
MOVW A, TDR1 ; Reads 16 bits from TDR1 and TDRO.
MOVW A, TDR1 ; Reads 16 bits from TDR1 and TDRO and stores the old
valueintheT register.
CMPW A ;  Executes double read check and compares A with T.
BEQ RET16 ; Match and return
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; Oldvaue+1

; Jumpsto re-read when a mismatch is detected.
; Restarts the count operation and begins counting 10,000
pulses.

XCHW AT

INCW A

CMPW A

BNE READ16
RET16 RET
; Interrupt program
WARI CLRB TIFO

PUSHW A
XCHW AT

PUSHW A
User processing

POPW A

; Clearsthe interrupt request flag.

XCHW AT
POPW A
RETI

ENDS

END
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CHAPTER 9

12-BIT PPG TIMER

This chapter describes the functions and operation of a
12-bit PPG timer.

9.1 Overview of 12-bit PPG Timer

9.2 Configuration of 12-bit PPG Timer Circuit
9.3 Pin of 12-bit PPG Timer

9.4 Registers of 12-bit PPG Timer

9.5 Operations of 12-bit PPG Timer Functions
9.6 Notes on Using 12-bit PPG Timer

9.7 Program Example for 12-bit PPG Timer
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9.1 Overview of 12-bit PPG Timer

The 12-bit PPG timer is a 12-bit binary counter, enabling the selection of one of four
types of internal count clocks. The timer is capable of setting a cycle period and "H"
width of output pulse waveforms and can also be used as a remote control
transmission frequency generator or 12-bit PPG.

m Functions of 12-bit PPG Timer
« Thetimer generates a frequency for remote control and outputs signals to a PPG pin.
» Thetimer is capable of setting a cycle period and "H" width of output pulse waveforms separately.
* Thetimer enables the selection of acount clock from four types of internal clocks.
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« Thetimer can generate afrequency in arange from twice to 2“-1 times as fast as the counter clock.

Table 9.1-1 lists the ranges in which the output pulse cycle period and "H" width are variable.

Table 9.1-1 Ranges in which the Output Pulse Cycle Period and "H" Width are Variable

Inte(r:r;i:ecglé?igglock Output pulse cycle period Output pulse "H" width
2t ST 4tysT to 8190t ST 2t,ysT t0 8188t ST
At st 8t,nsT to 16380t NsT 4tyst t0 16376t g7
16t,nsT 32t t0 65520t g7 16t,\sT to 65504t ST
256t ST 512t g7 t0 1048.32Kt ST 256t g7 t0 1048.064Kt; 5T

t)nsT: Instruction cycle (to be affected by a gear function)

Note:

An example of calculating the output pulse cycle period and "H" width as executed by a 12-bit PPG
function is given below.

When an oscillation (Fcp) of 12.5 MHz and a count clock cycle period of 2 t)ygr are set, and if:
Compare value for cycle period = 011110g (30-clock period)
Compare value for "H" width = 0010105 (10-clock width)

Then, "H" width and the cycle period of output pulse waveforms are calculated as given below. These
calculations are obtained provided the system clock control register (SYCC) selects the fastest clock
(CS1, CS0 = 115 with oneinstruction cycle = 4/F¢c).
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Cycle period = Compare value for cycle period x Count clock cycle period

= 011110H (30-clock period) x 2 x 4/FcH

=30x2x0.32us=19.2 us

"H" width = Compare value for "H" width x Count clock cycle period

If the set "H" width is equal to or greater than the set cycle period, "H" level outputs occur.
m 12-bit PPG Function

= 0010108 (10-clock width) x 2 x 4/Fcn

=10 x 2x0.32 us

=6.4 us

The timer’ s programmabl e pul se output generator function can be used as a 12-bit PPG because it can set a
cycle period and "H" pulse width of output pulse waveforms separately. A range of controllable duty cycles
is 0.02% to 100%. However, the smaller the compare value for the cycle period, the lower the resolution
(the greater a minimum-step duty cycle).

If the compare value for the cycle period is 2", a comparative setting of "H" pulse width is 1 or 2 (a duty
cycle of 50% or 100%) and the resolution is 1/2.

An output frequency and a duty cycle can be calculated using the following equations:

Output pulse cycle period = Compare value for cycle period x Count clock cycle period

Duty cycle = Compare value for "H" width/Compare value x 100(%)

Table 9.1-2 lists available resol ution values, minimum-step duty cycles, and output pulse cycle periods.

Table 9.1-2 Resolutions and Output Pulse Cycle Periods Supported when the Timer is Used as a 12-bit

PPG (1/2)
Compare Ran_ge of Output pulse cycle period o
available Minimum-
value for compare Resolution step dut
cycle P Count clock Count clock Count clock Count clock p duly
eriod values for =2t =41 =16t = 256 t cycle
p "H" width INST INST INST INST
0 -
Unavailable
1 -
2 1,2 4t NST 8tNsT 32t NsT 512 tynsT 1/2 50.0%
3 1t03 6tNsT 12t st 48 tNsT 768 tNsT 3 33.3%
4 1to4 8tinsT 16tNsT 641t NsT 1024 ty\sT 1z 25.0%
5 1to5 10 tiNST 20 tiNST 80 tINST 1280 fINST 1/5 20.0%
6 1to 6 12t NsT 24 NsT 96 tiNST 1536 t)\sT 1/6 16.7%
7 1to7 14 t|NST 28 t|NST 112 t|NST 1792 tINST 17 14.3%
8 1t08 16t NsT 32t NsT 128 tyNsT 2048 tnsT 1/8 12.5%
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Table 9.1-2 Resolutions and Output Pulse Cycle Periods Supported when the Timer is Used as a 12-bit

PPG (2/2)
Compare Ran_ge of Output pulse cycle period .
available Minimum-
value for compare Resolution step dut
cycle P Count clock Count clock Count clock Count clock p Uty
eriod values for -2t -4t - 161 - 256t cycle
p "H" width INST INST INST INST
9 1t09 18 tiNST 36 tiNST 144 tINST 2304 fINST 1/9 11.1%
10 1to 10 20t NsT 40 tNsT 160 tynsT 2560 tyNsT 1/10 10.0%
20 1t020 40 tyNsT 80 t)NsT 320 t)NsT 5120 tynsT 1/20 5.0%
100 1to 100 200 t| NST 400 t| NST 1600 t| NST 25600 t| NST 1/100 1.0%
500 1to 500 1000 t| NST 2000 t| NST 8000 t| NST 128000 t| NST 1/500 0.2%
1000 1to 1000 2000 tIN ST 4000 tIN ST 16000 N ST 256000 {) NST 1/1000 0.1%
2000 1to 2000 4000 tjnsT 8000 t;nsT 32000 tjNsT 512000 tynsT 1/2000 0.05%
3000 1to 3000 6000 t| NST 12000 t| NST 48000 t| NST 768000 t| NST 1/3000 0.03%
4095 1 to 4095 8190 t| NST 16380 t| NST 65520 t| NST 1048320 t| NST 1/4095 0.02%

tynsT: Instruction cycle
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Configuration of 12-bit PPG Timer Circuit

The 12-bit PPG timer comprises the following seven blocks:
» Count clock selector

12-bit counter
Comparator
12-bit PPG control register 1 (RCR21)
12-bit PPG control register 2 (RCR22)
12-bit PPG control register 3 (RCR23)
12-bit PPG control register 4 (RCR24)

m Block Diagram of 12-bit PPG Timer

Figure 9.2-1 Block Diagram of 12-bit PPG Timer

Interna

| data bus

1tiNnSsT

| Rck1 | Rcko| Hscs | Hsca [ Hsc3| Hsc2| Hsci| HSCo| RCR21

— [Hscii1][Hsc1o] Hsco | Hscs| Hsc7| Hsce | Rcr22

P37/BZ/PPG pin

Count Compare value for "H" width
clock 12
selector
X2 12-bit counter N
X4 CLK Comparator L
X 16 Clear
X 256 N

12

Compare value for cycle period
£ [ 1 ]
[ — | — T[scrii]scrio] scLo[scLs [scL7 [ scLe | RCR24
.

[Rcen| — [ scis]|scra] sca|scre | scri|sclo | RCR23

Internal data bus

tinsT: Instruction cycle
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@® Count clock selector

This selector circuit selects one of four types of internal count clocks as the count-up clock for a 12-bit
counter.

@® 12-bit counter

The 12-bit counter executes a count-up operation based on the count clock selected by the count clock
selector.

This counter may be cleared according to the value of the output enable bit of the RCR23 register
(RCR23:RCEN=0).

® Comparator

The comparator maintains outputs at "H" until a count by the 12-bit counter has been synchronized with the
value of the register containing the compare value for "H" width. The comparator then maintains outputs at
"L" until a count by the counter is synchronized with the value of the register containing the set cycle
period. At thistime, the 12-bit counter is cleared and restarts to count from "004".

@® 12-bit PPG control registers 1 (RCR21) and 2 (RCR22)

These registers comprise bits for count clock selection and bits for setting a compare value for the "H"
width.

@® 12-bit PPG control registers 3 (RCR23) and 4 (RCR24)

These registers comprise a bit for specifying whether to enable or disable the 12-bit PPG output and bits for
setting a compare value for the cycle period.
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9.3 Pin of 12-bit PPG Timer

This section describes the pin associated with the 12-bit PPG timer and illustrates a
block diagram of circuitry terminating at the pin.

B Pin Associated with the 12-bit PPG Timer
The pin associated with the 12-bit PPG timer is P37/BZ/PPG pin.

® P37/BZ/PPG pin

This pin functions as a CMOS type (P37) general-purpose 1/0 port, further functioning as 12-bit PPG timer
output (PPG).
PPG:

By setting the output enable bit of the appropriate 12-bit PPG control register (RCR23:RCEN) to "1",
the pin functions as the PPG output pin through which the set cycle period and "H" width of PPG
pulse waveforms are output.
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m Block Diagram of Circuitry Terminating at the Pin Associated with the 12-bit PPG
Timer

Figure 9.3-1 Block Diagram of Circuitry Terminating at the P37/BZ/PPG Pin

PDR

I<ll ( P—Stop mode (SPL = 1) Pull-up resistor

PDR read

Outth frolm

periphera

4 o
-~ peripheral |

PDR read

when read-modify-write is
|(oerformed) Y o\c

P-ch
% Output latch o D__|

PDR write Pin

l:r DDR 23 _D__| N-ch P37/BZ/PPG

DDR write Stop mode (SPL = 1)

Internal data bus

!

~
PUL read

% PUL
PUL write

Notes:

» |f the ON setting of the pull-up resistor is selected by the pull-up setting register, the pin state will be
the "H" level (pull-up state) in stop mode (SPL = 1).
» Because buzzer outputs to the P37/BZ/PPG pin precede 12-bit PPG outputs to this pin, if the pinis

used as the PPG pin, turn the buzzer outputs off and set the RCEN bit such that PPG outputs are
enabled.
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Registers of 12-bit PPG Timer

This section describes the registers associated with the 12-bit PPG timer.

B Registers Associated with 12-bit PPG Timer

Figure 9.4-1 Registers Associated with 12-bit PPG Timer

RCR21 (12-bit PPG control register 1)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0  Initial value
0014y | RcK1| Rcko | Hscs | Hsca | Hsc3 | Hsc2 | Hsci | Hsco| 000000008
RW RW RW RW RW RW RW RW

RCR22 (12-bit PPG control register 2)
Address  bit7 bit6 bit5 bit4 bit3  bit2 bitl bito  Initial value

0015y | — | — [Hsci11]Hsc1ol Hsco | Hscs | Hsc7 | HSc6]| --000000s
RW RW RW RW RW RW

RCR23 (12-bit PPG control register 3)
Address  hit7  hbit6  bits  bit4  bit3  hit2 bitl  bit0 Initial value
00164 |RCEN|] — [ scLs]|scLa | scL3 | scL2 | scLi| scLo| 0-000000s
R/W RW RW RW RW RW RMW

RCR24 (12-bit PPG control register 4)
Address bit7  bit6  bits5  bit4  bit3  bit2 bitl  bito Initial value
o017y | — [ — [scriifscrio] scLo[scis [ scL7 | scLe| --000000s
RW RW RW RW RW RW

R/W : Readable and Writable
— : Unused
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9.4.1 12-bit PPG Control Register 1 (RCR21)

The 12-bit PPG control register 1 comprises bits for count clock selection of the 12-bit
PPG timer and bits for setting the "H" width.

B 12-bit PPG Control Register 1 (RCR21)

Figure 9.4-2 12-bit PPG Control Register 1 (RCR21)

Address bit7  bit6  bit5  bit4 bit3 bit2  bitl  bit0 Initial value
0014n | RCK1| RCKO| HSC5| HSC4| HSC3|HSC2 | HSC1 | Hsco| 000000008
RW RW RW RW RW RW RW RW

L] I I N

HSC5 to HSCO "H" width setting bits
XXXXXX |Compare value for the "H" width of 12-bit PPG outputs.

RCK1 RCKO Count clock selection bits
0 0 2 tinsT
0 1 4 tinsT
1 0 16 tinsT
1 1 256 tinsT

R/W : Readable/Writable
[ : Initial value

Table 9.4-1 Explanation of Functions of Each Bit in 12-bit PPG Control Register 1 (RCR21)

Bit name Function
bit7, RCK 1, RCKO: These hitsare used to select acount clock of the 12-bit PPG timer from four types of
: Count clock .
bit6 . . internal count clocks.
selection bits
bit5 HSC5 to HSCO: Th&_e bits are used to set the number of counts correisp?nd! ng to the "H" width of
to "H" width satting 12-bit PPG timer outputs (the compare value for the "H" width), and the contents of
bito bits these bits and the HSC6 to HSC11 bits of the RCR22 register are compared with a
count by the counter.
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9.4.2 12-bit PPG Control Register 2 (RCR22)

The 12-bit PPG control register 2 comprises bits for setting the "H" width of 12-bit PPG
pulse waveforms.

B 12-bit PPG Control Register 2 (RCR22)

Figure 9.4-3 12-bit PPG Control Register 2 (RCR22)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
00151 | — | — [Hscii|nscio] Hsce [Hscs [Hsc7 [Hsce | --0000008
RW RW RW RW RW RW

HSC11 to HSC6 "H" width setting bits
XXXXXX | Compare value for the "H" width of 12-bit PPG outputs

R/W : Readable/Writable
— : Unused

Table 9.4-2 Explanation of Functions of Each Bit in 12-bit PPG Control Register 2 (RCR22)

Bit name Function
bit7, . » Bit value is undefined when being read.
bit6 Unused bits e Written value does not affect other operations.

. .| These bits are used to set the number of counts corresponding to the "H" width of
bt';S H HSC v%nl dtt(r)1 :atst?r? 12-bit PPG timer outputs (the compare value for the "H" width), and the contents of
. . 9 these bits and the HSCO to HSCS bits of the RCR21 register are compared with a

bit0 bits
count by the counter.
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9.4.3 12-bit PPG Control Register 3 (RCR23)

The 12-bit PPG control register 3 comprises a bit for enabling 12-bit PPG waveform
outputs and bits for setting a cycle period of outputs.

B 12-bit PPG Control Register 3 (RCR23)

Figure 9.4-4 12-bit PPG Control Register 3 (RCR23)

Address  hit7 bit6 bit5 bit4  bit3 bit2 bitl bit0  Initial value

0016H [RCEN| — [SCL5 [scL4 [scL3 |scL2 |scL1|scLo| 0-000000s
RIW RW RW RW RW RW RMW
I I I N N
SCL5 to SCLO Cycle period setting bits

XXXXXX |Compare value for the cycle period of 12-bit PPG output

RCEN Output enable bit
0 Output disabled, counter cleared
1 Output enabled with count operation starting

R/W : Readable/Writable
— 1 Unused
[ : Initial value
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Table 9.4-3 Explanation of Functions of Each Bit in 12-bit PPG Control Register 3 (RCR23)

Bit name Function
When thisbitis"0", the P37/BZ/PPG pin functions as agenera -purpose port (P37);
when the bit is"1", the pin functions as a 12-bit PPG output pin (PPG).
bit7 RCEN: When "0" iswritten for this bit, the counter is cleared and its operation stops; when
Output enable bit | "1" iswritten, the count operation starts.
Even if PPG outputs are enabled by this bit setting, buzzer outputs, if enabled, have
priority.
. . ¢ Bit valueis undefined when being read.
bité Unused bit « Written value does not affect other operations.
These bits are used to set the number of counts corresponding to the cycle period of
12-bit PPG waveform outputs (the compare value for the cycle period), and the
bits SCL5 to SCLO: contents of these bits and the SCL6 to SCL 11 bits of RCR24 are compared with a
to Cycle period count by the counter.
bit0 setting bits Note:
Set avalue that falls within the range of "000000000010g" to "1111111111115"
(002 to FFFy).

Note:

Because buzzer outputs to the P37/BZ/PPG pin precede 12-bit PPG outputs to this pin, if the pinis used
as the PPG pin, turn the buzzer outputs off and set the RCEN bit such that PPG outputs are enabled.
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9.4.4 12-bit PPG Control Register 4 (RCR24)

The 12-bit PPG control register 4 comprises bits for setting a cycle period of 12-bit PPG
waveform outputs.

B 12-bit PPG Control Register 4 (RCR24)

Figure 9.4-5 12-bit PPG Control Register 4 (RCR24)

Address bit7  bit6  bits  bit4  bit3  bit2  bitl  bit0 Initial value
00174 | — | - |scL11]scrio|scLe |scLs|scL7 | scLe| --000000s
RW RW RW RW RW RW

SCL11to SCL6 Cycle period setting bits
XXXXXX  |Compare value for the cycle period of 12-bit PPG outputs

R/W: Readable/Writable
— 1 Unused

Table 9.4-4 Explanation of Functions of Each Bit in 12-bit PPG Control Register 4 (RCR24)

Bit name Function
bit7, . « Bit valueis undefined when being read.
bit6 Unused bits * Written value does not affect other operations.

These bits are used to set the number of counts corresponding to the cycle period of
12-bit PPG waveform outputs (the compare value for cycle period), and the contents

bit5 SCL11toSCL6: | of thesebitsand the SCLO to SCL5 hits of RCR23 are compared with a count by the
to Cycle period counter.
bit0 setting bits Note:
Set avalue that falls within the range of "000000000010g" to "1111111111115"
(002, to FFF).
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9.5 Operations of 12-bit PPG Timer Functions

The 12-bit PPG timer can be used as a 12-bit PPG because the output pulse cycle period
and "H" pulse width can be set separately.

m Example of Operations of 12-bit PPG Timer Functions
To operate the 12-bit PPG timer, the bits of the registers must be set as shown in Figure 9.5-1 .

Figure 9.5-1 Setting 12-bit PPG Timer

bit7  bit6  bits  bit4  bit3  bit2  bitl  bit0
RCR21 | RCK1 [ RCKO [ HSC5 | HSC4 [ HSC3 | HSC2 | HSC1 [ HSCO]
© © © © © © © ©

RCR22 | — [ — [Hscii|Hsc1o] Hsco ] Hscs | Hsc7 [ Hscs |
© © © © © ©

RCR23 [rRcen] — [ scis] scra] scL3] scr2] scLi] scLo]
1 © © © © © ©
RCcR24 [ — [ — [scr1a]scLio] scLo] scLs8] scL7[ scLé ]
© © © © © ©
© : Used bit
1 : Set"1"

When 12-bit PPG outputs are enabled, the 12-bit counter starts counting from" 000~ in synchronization
with the selected count clock and the PPG pin is maintained at "H" level until a count by the counter is
synchronized with the compare value for the "H" width. The PPG pin isthen maintained at "L" level until a
count by the counter is synchronized with the compare value for the cycle period. At this time, the 12-bit
counter is cleared and restarts counting from "000y-. Because the "H" width and cycle period can be set
separately, the timer can be used as a 12-bit PPG.
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Figure 9.5-2 illustrates the operation of the 12-bit PPG timer.

Figure 9.5-2 Operation of 12-bit PPG Timer

Count by counter

Cycle period setting
(RCR23, 24:SCLO to SCL11)

"H" width setting
(RCR21, 22:HSCO to HSC11)

"000H"
Cycle period (*1)

"H" width (*2)
<>

—

*1: If internal count clock cycle period is 2, 4, 16, or 256 tinsT, cycle period = compare value for cycle
period multiplied by the count clock cycle period.

PPG output pulse waveform

*2:  If internal count clock cycle period is 2, 4, 16, or 256 tinsT, "H" width = compare value for the "H"
width multiplied by the count clock cycle period.
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9.6 Notes on Using 12-bit PPG Timer

This section provides notes on using the 12-bit PPG timer.

m Notes on Using 12-bit PPG Timer

@® Output pin changeover

The P37/BZ/PPG pin shares functions of a general-purpose port and a 12-bit PPG output. Because its
buzzer output (BZ) function precedes the 12-bit PPG output function, if buzzer outputs are enabled, it
functions as the buzzer output (BZ) pin even if PPG outputs are enabled by the RCR23 (RCEN bit). To use
it as the 12-bit PPG output (PPG) pin, turn the buzzer outputs OFF.

@ Limitation of "H" width setting

Using the "H" width setting bits of the 12-bit PPG control registers 1 and 2 (RCR21:HSC5 to HSCO and
RCR22:HSC11 to HSC6), set a value that falls within the range of "000000000001g" to "1111111111115"

(001 to FFFy). If "000y" is set, "H" level outputs are delivered through the PPG pin. Furthermore, set the

value of the "H" width so as to be smaller than the value given by the cycle period setting bits of 12-bit
PPG control registers 3 and 4 (RCR23:SCL5 to SCLO and RCR24:SCL 11 to SCL6). If the "H" width is
equal to or greater than the cycle period, "H" level outputs are always delivered through the PPG pin.

@® Resolution

When the cycle period is set at "111111111111g" (FFFy), a maximum "H" width resolution of 1/4095 is

obtained. This resolution is reduced as the cycle period setting becomes smaller and limited to a minimum
of 1/2 when the cycle period is set at “000000000010g" (002y).

@ Setting change during operation

The "H" width setting bits (RCR21:HSC5 to HSCO and RCR22:HSC11 to HSC6) and the cycle period
setting bits (RCR23:SCL5 to SCLO and RCR24:SCL 11 to SCL6) are compared with the 12-bit counter for
generating a frequency of 12-bit PPG waveforms. If the set values given by these hits are changed to
smaller values during the operation of the counter, a counter overflow occurs, which may extend the cycle
period until synchronization with a count by the counter is detected again. Similarly, this may extend the
"H" width until synchronization with a count by the counter is detected in the next cycle (cycle period).

Figure 9.6-1 illustrates setting change during the operation of the 12-hit PPG timer.
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Figure 9.6-1 Setting Change during 12-bit PPG Timer Operation

Count by counter
"FFF"
H 1

Cycle period setting
(RCR23,24:SCLO to SCL11) *1

*2

"H" width setting
(RCR21,22:HSCO to HSC11)

Overflow

"00"y

PPG output pulse waveform | | |

effective only within the cycle.

is not detected and the counter overflows.

detected until the next cycle.

Extend by overflow

1 period

*1: Because the count interval of the operating counter is less than the changed setting, the setting is

*2: Because a cycle period less than the count interval of the operating counter is set, synchronization

*3: Because an "H" width less the count interval of the operating counter is set, synchronization is not

@® Error

Because the counter start by program is asynchronous with the count-up start by the selected count clock,
an error (a time difference) may occur until detection of synchronization of compare values for the "H"
width and for the cycle period with a count by the counter. A major error may shorten the time before the

above synchronization to one count clock cycle.
Figure 9.6-2 illustrates an error (atime difference) before the count operation start.

Figure 9.6-2 Error before Count Operation Start

Count by counter

o Xt X

Count clock

1 cycle
Error| Count O
(time | Period
difference)

Sle

/l\

Counter start
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9.7 Program Example for 12-bit PPG Timer

An example of 12-bit PPG timer programming is given below.

m Program Example for 12-bit PPG Timer

® Processing specification

* A remote control transmission frequency with a period of about 38 s and a duty cycle of approx. 33%

is generated.

* The compare value for the PPG output pulse cycle period giving the above period of about 38 us at the
maximum gear speed with oscillation of 12.5 MHz (Fcy) is determined as below. The count clock is
assumed to be 4t st

Compare value for cycle period (RCR23:SCL5 to SCLO and RCR24:SCL 11 to SCL6) = 38 ug/ (4 x 4/

10MHz) = 30

* The compare value for the "H" width of the PPG output pulse giving the duty cycle of approx. 33% is
determined as below. At thistime, the "H" width is about 3 us.

Compare value for the "H" width (RCR21:HSC5 to HSCO and RCR22:HSC11 to HSC6) =33/100 x
Compare value for the cycle period = 0.33 x 30=10

@® Coding example

Address of 12-bit PPG control register 1
Address of 12-bit PPG control register 2
Address of 12-bit PPG control register 3
Address of 12-bit PPG control register 4

[CODE SEGMENT]

Select count clock of 4ty st and set the above compare
value for "H" width.

Specify outputs enabled and counter operation start and
set the above compare value for cycle period.

RCR21 EQU 0014H

RCR22 EQU 0015H

RCR23 EQU 0016H

RCR24 EQU 0017H

; Main program:
CSEG
MOV  RCR21,#01001010B
MOV  RCR22,#00H
MOV  RCR23,#10011110B
MOV  RCR24,#00H
ENDS
END
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CHAPTER 10

EXTERNAL INTERRUPT
CIRCUIT 1 (EDGE)

This chapter describes the function and operation of
external interrupt circuit 1 (edge).

10.1 Overview of External Interrupt Circuit 1
10.2 Configuration of External Interrupt Circuit 1
10.3 Pins of External Interrupt Circuit 1

10.4 Registers of External Interrupt Circuit 1
10.5 Interrupt of External Interrupt Circuit 1
10.6 Operations of External Interrupt Circuit 1

10.7 Program Example for External Interrupt Circuit 1
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10.1  Overview of External Interrupt Circuit 1

External interrupt circuit 1 detects a predetermined edge or edges of a signal input to
any of three external interrupt pins and then generates and issues an interrupt request

to the CPU.

B Functions of External Interrupt Circuit 1

226

The external interrupt circuit 1 functions to detect an optionally selected edge or edges of a signal input to
any of the external interrupt pins and then generate and issue an interrupt request to the CPU. This interrupt
ensures recovery from standby mode and enables transition to a normal operating state (main clock
operation mode).

» External interrupt pins: Three pins (P34/TO/INT10 to P36/INT12)

« External interrupt triggering:  Input of asignal with an optionally selected edge or edges (rising and/or
faling edges) to one of the above external interrupt pins triggers an
externa interrupt.

< Interrupt control: Interrupt request outputs are enabled or disabled according to the content of an

interrupt regquest enable bit of external interrupt 1 control registers 1 and 2 (EICL,
EIC2).

Interrupt flag: Detection of specified edge or edges is indicated by an external interrupt request flag bit

of external interrupt 1 control registers 1 and 2 (EIC1, EIC2).

Interrupt request: An interrupt request is generated according to the pin at which the input of the signal
triggering an external interrupt is detected (IRQO, IRQ1, IRQ2).
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10.2  Configuration of External Interrupt Circuit 1

External interrupt circuit 1 comprises the following two blocks:

» Edge detecting circuits (0 to 2)
» External interrupt control 1 registers 1, 2 (EIC1, EIC2)

B Block Diagram of External Interrupt Circuit 1

Figure 10.2-1 Block Diagram of External Interrupt Circuit 1 (EIC1, EIC2)

Pin
P34/TO/INT10 Edge detecting circuit 1 Edge detecting circuit 0

"\ P10 \ P10
Pin o o
P35/INT11 AN N

[ I —
R1| sL11]| sLi0] EIE1 | EIRO| sSLo1| SLoo| EIEO |<:>
[

Selector

Selector

External interrupt 1
control register 1 | E

(EIC1)
|_ »
Interrupt request 3a
(IRQO) s
Interrupt request s
(IRQ1) =
- [
Pin c
P36/INT12 2
Edge detecting circuit 2 i
R
9
oo 3]
o
\J P
External interrupt 1
control register2 | — [ — — — [ EIR2] SL21] SL20] EIE2 |<—>
(EIC2) |
I—D—o Interrupt request (IRQ2)
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® Edge detecting circuits

When the edge polarity of asignal input to one of the pins (INT10 to INT12) for external interrupt circuit 1
matches the selected edge polarity for the pin, stored in either the EIC1 or EIC2 registers in the appropriate
bit position (SL0O to SL21), one of the external interrupt request flag bits (EIRO to EIR2) corresponding to
thepinissetto"1".

@® External interrupt 1 control registers (EIC1, EIC2)

The EIC1 and EIC2 registers comprise bits for edge selection, for enabling or disabling interrupt requests,
and for confirming an interrupt request.

@® Triggers that cause external interrupt circuit 1 to generate an interrupt request

* |RQO: When a signal with an edge or edges corresponding to the selected edge polarity is input to the
INT10 pin for external interrupt circuit 1, if interrupt request outputs are enabled (EIC1:EIEO=1),
external interrupt circuit 1 generates an IRQO interrupt request.

* |RQ1: When a signal with an edge or edges corresponding to the selected edge polarity is input to the
INT11 pin for externa interrupt circuit 1, if interrupt request outputs are enabled (EIC1:EIE1=1),
external interrupt circuit 1 generates an IRQ1 interrupt request.

* |RQ2: When a signal with an edge or edges corresponding to the selected edge polarity is input to the
INT12 pin for external interrupt circuit 1, if interrupt request outputs are enabled (EIC2:EIE2=1),
external interrupt circuit 1 generates an IRQ2 interrupt request.
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10.3  Pins of External Interrupt Circuit 1

This section describes the pins associated with external interrupt circuit 1 and
illustrates a block diagram of circuitry terminating at the pins with reference to the
registers and external interrupt triggering.

B Pins Associated with External Interrupt Circuit 1
The pins associated with external interrupt circuit 1 are the P34/TO/INT10 to P36/INT12 pins.

® P34/TO/INT10 pin

This pin functions as a general-purpose 1/O dedicated port and may also serve 8/16-bit capture timer
outputs (TO) and external interrupt inputs (hysteresis inputs) (INT10).

If the timer 1 control register (TCRO) disables 8/16-hit capture timer outputs and, by the port data direction
register (DDR3), the pin is set to function as an input port only. The pin can aso function as an external
interrupt input pin (INT10). When external interrupt 1 control register 1 (EIC1) sets edge detection to OFF,
however, no external interrupt requests are generated, and when interrupt request outputs are disabled, no
interrupt requests are output. The pin state can be read directly from the port data register (PDR3) at any
time.

® P35/INT11 and P36/INT12 pins

These pins function as a genera-purpose 1/0 dedicated port (P35, P36) and may also serve external
interrupt inputs (hysteresisinputs) (INT11, INT12).

If, by the port data direction register (DDR3), these pins are set to function as an input port only, they also
function as external interrupt input pins (INT11, INT12). When external interrupt 1 control registers 1 and
2 (EIC1, EIC2) set edge detection to OFF, however, no external interrupt requests are generated, and when
interrupt request outputs are disabled, no interrupt requests are output. The pin state can be read directly
from the port data register (PDR3) at any time.

Table 10.3-1 lists the pins associated with external interrupt circuit 1.

Table 10.3-1 Pins Associated with External Interrupt Circuit 1

Use for input port only
(Interrupt request output or edge detection
disabled)

Use for external interrupt input

External interrupt pin (Interrupt request output enabled)

INT10 (EIC1:EIEO=1, DDRS3:bit4=0,

P34/TO/INT10 P34(EIC1:EIEQ=0 or SLO1, SL00=00g)

TCR2:PEN=0)
P35/INT11 INT11 (EICL:EIE1=1, DDR3:hit5=0) P35(EIC1:EIE1=0 or SL11, SL10=00g)
P36/INT12 INT12 (EIC2:EIE2=1, DDR3:hit6=0) P36(EIC2:EIE2=0 or SL21, SL20=00g)

INT10 to INT12: When asignal with an edge or edges corresponding to the selected edge polarity isinput to these pins,
an interrupt corresponding to the pin is generated.
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m Block Diagram of Circuitry Terminating at the Pins Associated with External Interrupt
Circuit 1

Figure 10.3-1 Block Diagram of Circuitry Terminating at the Pins Associated with External Interrupt Circuit 1

INTlO INTll ﬁ@Eétaergal |nterrupt
PDR reeeeeesmmessmeeeoeeeeeooeoood- Sd
top mode
<1 (SPL=1)
N iOutput from ~
P;? read iperipheral Out ut : o Pull- Ltjp
2 : utput occurrin resistor
3 peng eral(}] 1‘ron’F1)per|pheraIg |
ol i
§ w f en re%(()Jj modify-write is | \c !
performe 1 :
e I> Output E o : —D"——| P-ch
5 latc ' :
c PDR write S R Pins
_| N-ch P34/TO/INT10
%D— DDR ¢ P35;INT11
. P36/INT12
DDR write Stop mode (SPL=1)
PUL read
PUL write
Note:

When the ON setting of the pull-up resistor is selected by the pull-up setting register, the pin state will
be "H" level (pull-up state) rather than Hi-Z during stop mode (SPL = 1). During a reset, however, the
pull-up isinvalid and the pin remains at Hi-Z.
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10.4  Registers of External Interrupt Circuit 1

This section describes the registers associated with external interrupt circuit 1.

B Registers Associated with External Interrupt Circuit 1

Figure 10.4-1 Registers Associated with External Interrupt Circuit 1

EIC1 (External interrupt 1 control register 1)
Address bit7 bit6 bits5 bit4 bit3  bit2 bitl  bit0 Initial value
00241 | EIR1| sL11]| st1o| EIEL| EIR0| sLo1| sLoo| EIE0| 000000008
RW RW RW RW RW RW RW RW

INT11 INT10
EIC2 (External interrupt 1 control register 2)

Address  bit7 bit6 bit5 bit4 bit3  bit2 bitl1  bitO Initial value
oo2s4 | — | — | — | — | EIR2[ sL21]| sL20] EIE2| ---00008
RW RMW RMW R/W

INT12

R/W : Readable/Writable
— : Unused
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10.4.1  External Interrupt Control Register 1 (EIC1)

External interrupt control register 1 (EIC1) comprises bits for edge polarity selection
and interrupt control for the INT10 and INT11 external interrupt pins.

m External Interrupt Control Register 1 (EIC1)

Figure 10.4-2 External Interrupt Control Register 1 (EIC1)

Address bit7 _ bit6  bits _ bit4 bit3 bit2  bitl bit0 Initial value
0024y |EIRL [ sL11] sL10] EIEL]EIRO [ SLO1 | SLOO | EIEO | 000000005
RW RW RW RW RW RW RW RW

—

L EIEO Interrupt request enable bit 0
0 Disables interrupt request outputs
1 Enables interrupt request outputs

—>| SLO01 | SLOO Edge polarity selection bits 0
0 0 Edge detection OFF
0 1 | Rising edge
1 0 Falling edge
1 1 Both edges
EIRO External interrupt request flag bit 0

When being read When being written

Signal input with specified edge
0 |oredges not detected

1 Signal input with specified edge | No change, does not affect other

This bit is cleared

or edges detected operations
EIE1 Interrupt request enable bit 1
0 Disables interrupt request outputs
1 Enables interrupt request outputs
SL11 SL10 Edge polarity selection bits 1
0 0 Edge detection OFF
0 1 Rising edge
1 0 Falling edge
1 1 Both edges
External interrupt request flag bit 1
EIR1

When being read When being written
0 Signal input with specified edge
or edges not detected

1 Signal input with specified edge | No change, does not affect other
or edges detected operations

This bit is cleared

R/W : Readable/Writable
[ : Initial value
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Table 10.4-1 Explanation of Functions of Each Bit in External Interrupt Control Register 1 (EIC1) (1/2)

Bit name Function
» When asignal with an edge or edges corresponding to edge polarity selected by
. edge polarity selection bits (SL11, SL10) isinput to INT11 externa interrupt
EIR1: . A nqn
bit7 External interrupt pin, this .b't IS set tp U . .
. » When thisbit and interrupt request enable bit 1 (EIE1) are"1", the interrupt
request flag bitl :
request is output.
»  Writing "0" clears this bit; writing "1" does not affect this bit (no change).
* Thesebitsare used to select the polarity of an edge or edges of asignal pulse that
triggers an interrupt when the signal isinput to INT11 external interrupt pin.
*  When these hits provide a value of "00g", edge detection is not performed and
. SL11, SL10: interrupt requests are not generated.
tl:))lttGS Edge polarity * These bits may specify "01g", indicating arising edge, "10g", afalling edge, or
I selection bits 1 "11g", both edges to be detected.
Note:
If an edge is selected while edge detection is OFF, edge detection may be
performed unconditionally. Always clear the EIRO bit after selecting an edge.
This bit enables or disables interrupt request outputs to CPU. When this bit and
external interrupt request flag bit 1 (EIR1) are"1", the interrupt request is output.
EIEL: Notes:
bit4 Interrupt request * When using the external interrupt pin, write"0" for bit5 of the port datadirection
enable bit 1 register (DDR3) so that the pin servesinputs only.
* Regardless of the interrupt request enable hit state, the state of the external
interrupt pin can be read directly from the port data register (PDR3).
» When asignal with an edge or edges corresponding to edge polarity selected by
) edge polarity selection bits (SL01, SL0O) isinput to INT10 externa interrupt
EIRO: . A nqn
bit3 External interrupt pin, this .b't 'S set tp v . .
. » When thisbit and interrupt request enable bit 0 (EIEOQ) are"1", the interrupt
request flag bit 0 )
request is output.
»  Writing "0" clears this bit, and writing "1" does not affect this bit.
» Thesebitsare used to select the polarity of an edge or edges of asignal pulse that
triggers an interrupt when the signal isinput to the INT10 external interrupt pin.
*  When these hits provide a value of "00g", edge detection is not performed and
. SL01, SLOO: interrupt requests are not generated.
%I,ttzl Edge polarity * These bitsmay specify "01g", indicating arising edge, "10g", afalling edge, or
selection bits 0 "11g", both edges to be detected.
Note:
If edgeis selected when edge detection is OFF, edge detection may be performed
unconditionally. Always clear the EIRO bit after selecting an edge.
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Table 10.4-1 Explanation of Functions of Each Bit in External Interrupt Control Register 1 (EIC1) (2/2)

Bit name

Function

bit0

EIEO:
Interrupt request
enable bit 0

This bit enables or disables interrupt request outputs to the CPU. When this bit and

external interrupt request flag bit O (EIR0) are 1", the interrupt request is output.

Notes:

¢ When using the external interrupt pin, write "0" for bit4 of the port data direction
register (DDR3) so that the pin servesinputs only. Write"0" for bitl of the timer
output control register (TCR2) for the 8/16-hit capture timer/counter to set the
port input function on.

* Regardless of theinterrupt request enable bit state, the state of the external

interrupt pin can be read directly from the port data register (PDR3).
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10.4.2  External Interrupt Control Register 2 (EIC2)

As with external interrupt control register 1 (EIC1), external interrupt control register 2

(EIC2) comprises bits for edge polarity selection and interrupt control for the INT12
external interrupt pin.

m External Interrupt Control Register 2 (EIC2)

Figure 10.4-3 External Interrupt Control Register 2 (EIC2)

Address  bit7 bit6  bits bit4 bit3 bit2 bitl  bit0 Initial value
00254 — | — | — | — [EIR2|sL21]sL20|EIE2] ~--00008
RW R/W R/W R/W

—

L EIE2 Interrupt request enable bit 2
0 Disables interrupt request outputs
1 Enables interrupt request outputs
SL21 | SL20 Edge polarity selection bits 2
0 0 Edge detection OFF
0 1 Rising edge
1 0 Falling edge
1 1 Both edges
External interrupt request flag bit 2
EIR2 When being read When being written
Signal input with specified edge L
0 orgedgespnot detec@ed 9 This bit is cleared
1 | Signal input with specified edge No change, not affecting other
or edges detected operation
R/W : Readable/Writable
— : Unused
[ : Initial value
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Table 10.4-2 Explanation of Functions of Each Bit in External Interrupt Control Register 2 (EIC2)

Bit name Function
bit7 . : . .
o Unused bits . Blt_val ue is undefined when being read. _
bita « Written value does not affect other operations.

¢ When asignal with an edge or edges corresponding to edge polarity

selected by edge polarity selection bits 2 (SL21, SL20) isinput to the
EIR2: INT12 external interrupt pin, thisbit is set to "1".
bit3 External interrupt ¢ When this bit and interrupt request enable bit 2 (EIE2) are"1", the
reguest flag bit 2 interrupt request is output.

e Writing "0" clears this bit, and writing "1" does not affect this bit (no
change).

« These bits are used to select the polarity of an edge or edges of asignal
pulse that triggers an interrupt when the signal isinput to the INT12
external interrupt pin.

*  When these bits provide avalue of "00g", edge detection is not

bit2 SL21, SLZ_O : . performed and interrupt requests are not generated.
bitl E_(:ggpolanty selection | , These bits may specify "01g", indicating arising edge, "10g", afalling
s edge, or "115", both edges to be detected.

Note:

If edge is selected while edge detection is OFF, edge detection may be
performed unconditionally. Always clear EIR2 hit after selecting an edge.

This bit enables or disables interrupt request outputs to the CPU. When this

bit and external interrupt request flag bit 2 (EIR2) are 1", the interrupt

EIE2: requ&s.t is output.
bit0 Interrupt request Notes: . . . R .
enable bit 2 . When_ using _the externa interrupt pin, yvrlte 0 _for bit6 of the port data
direction register (DDR3) so that the pin serves inputs only.

¢ Regardless of theinterrupt request enable bit state, the state of external

interrupt pin can be read directly from the port dataregister (PDR3).
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10.5 Interrupt of External Interrupt Circuit 1

The detection of a signal with the specified edge or edges, input to any of the external
interrupt pins, triggers external interrupt circuit 1 to generate an interrupt request.

m Interrupt during the Operation of External Interrupt Circuit 1

When external interrupt circuit 1 detects the specified edge or edges of external interrupt input at a pin, an
external interrupt request flag bit (EIC1, EIC2:EIRO to EIR2) corresponding to the pin is set to "1". At this
time, if the interrupt request enable bit corresponding to the pin contains the value indicating the enabled
state (EIC1, EIC2:EIEO to EIE2=1), the externa interrupt circuit 1 generates and then issues the
appropriate interrupt request (IRQO, IRQ1, IRQ2) to the CPU.

Write "0" for the external interrupt request flag bit within the interrupt processing routine for the interrupt
reguest, thus clearing the interrupt request.

If external interrupts are not used for recovery from stop mode, set the edge polarity selection bits to "00g"

and the interrupt enable bitsto "0".

Notes:

When edge detection OFF is selected and set with edge polarity selection bits, the occurring input is
held asis before entry to the internal edge detecting circuit. If edge is selected during the edge detection
OFF state, edge detection may be performed unconditionally with the external interrupt request flag bit
setto"1".

When interrupts are set enabled (EIC1, EIC2:EIEQ to EIE2=1) after the release from the reset state,
clear the appropriate external interrupt request flag bit (EIRO to EIR2=0) at the same time.

If the external interrupt request flag bit is 1" with the interrupt request enable bit containing a value
indicating enable state, a return from the interrupt processing is not possible. Always clear the external
interrupt request flag bit within the interrupt processing routine.

For edge selection during the edge detection OFF state, specify an edge or edges when interrupt request
outputs are disabled and then clear the external interrupt request flag bit.

Regardless of the value of the appropriate interrupt request enable bit (EIEO to EIE2), the external
interrupt request flag bit is set to "1" whenever edge polarity matching is detected.

Only externa interrupt circuits 1 and 2 can execute a rel ease from stop mode by an interrupt.

With the external interrupt request flag bit being set to "1", when the interrupt request enable bit setting
changes from disable to enable (0 —1), an interrupt request is generated immediately.
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B Register Associated with Interrupt Generation by External Interrupt Circuit 1 and
Vector Table

Table 10.5-1 Register Associated with Interrupt Generation by External Interrupt Circuit 1 and Vector Table

Interrupt level setting register Vector table address
Interrupt designation
Register Bit for setting level Upper Lower
IRQO L01 (bitl) L 0O (bit0) FFFAL FFFBY
IRQ1 ILR1 (007B) L11 (bit3) L10 (bit2) FFF8Y FFFOy
IRQ2 L21 (bit5) L20 (bit4) FFF6H FFF7Y
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For interrupt operation, see Section "3.4.2 Stepsin the Interrupt Operation ".
B Exercise Caution when Changing Edge Polarity Selection

unintended interrupt generation.

When changing edge polarity for INT10 to INT12, always write "0" for the appropriate EIR bit to prevent
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10.6  Operations of External Interrupt Circuit 1

The external interrupt circuit 1 can detect a specified edge or edges of a signhal input to
any of the external interrupt pins.

m Operation of External Interrupt Circuit 1
To operate external interrupt circuit 1, the bits of the registers must be set as shown in Figure 10.6-1 .

Figure 10.6-1 Setting External Interrupt Circuit 1

bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0
Eict | BIR1| st11| stio| EIEL | EIRO | sLo1 | sLoo | EIEO |
© © © © © © © ©

Ecc | — | — | — | — [EeRr2]| sL21| sL20 | EIE2 |
© © © ©

DDR3 | | | | | | | | |
X 0 0 0 X X X X
TcrR2 | — | — | — | — | — [ — | PEN] TSEL]
0 X
©  : Used bit
X : Unused bit
0 : Set"0"

When the polarity of an edge or edges of a signal input from one of the external interrupt pins 1 (INT10 to
INT12) matches the selected edge polarity for the pin stored in the appropriate external interrupt control
register (EIC1, EIC2:SL00 to SL21), one of the externa interrupt request flag bits (EIC1, EIC2:EIRO to
EIR2) corresponding to the pinis set to "1".
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Figure 10.6-2 shows the operation when an external interrupt isinput to the INT10 pin.

Figure 10.6-2 Operation of External Interrupt 1 (INT10)

Pulse waveform

input to INT10 pin | I | I l ]\

Cleared when EIEO bit  Cleared by Interrupt request flag bit is
is set program cleared by the program

EIRO bit

EIEO bit 1 L]
SLO1 bit | |

SLOO bit

IRQO [ [] |—|_

g?:?:e detection ' Rising edge Falling edge Both edges

Note:

Even when the pin is used as an external interrupt input pin, the pin state can be read directly from the
port data register (PDR3).
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10.7  Program Example for External Interrupt Circuit 1

An example of programming external interrupt circuit 1 is given below.

B External Interrupt Circuit 1 Programming Example

@® Processing specification

Externa interrupt circuit 1 detects the rising edge of a pulse input to the INT10 pin and generates an

interrupt.

@® Coding example

DDR3 EQU
EICl EQU
TCR2 EQU
ILRL  EQU
EIRO EQU
SLol1  EQU
SLO0  EQU
EIE0 EQU
INT.V DSEG
ORG
IRQL  DW
INT.V ENDS
CSEG
CLRI
CLRB
MOV
MOV
MOV
CLRB
SETB
CLRB
SETB
SETI
WARI CLRB
PUSHW
XCHW

00ODH
0024H
0020H

007BH

EIC1:3
EIC1:2
EICL:1
EIC1:0
ABS
OFFFAH
WARI

Address of port data direction register (DDR)
External interrupt control register 1

Address of 8/16-hit capture timer output control
register

Setting of interrupt level setting register 1

Definition of external interrupt request flag bit
Definition of edge polarity selection bits
Definition of edge polarity selection bits
Definition of interrupt request enable bit
[DATA SEGMENT]

Interrupt vector (INT1) setting

Main program:

EIR1
TCR2,#00000000B
DDR3,#00000000B
ILR1,#11111110B
SLO1

SLOO

EIRO

EIEO

Interrupt processing routing
;  Clear external interrupt request flag (INTO).

EIEO
A
AT

[CODE SEGMENT]
Stack pointer (SP) is assumed to have been initialized.

Disable interrupts.

Clear external interrupt request flag.

Set pin P34/TO/INT10 to serve port inputs.
Set P34 to serve inputs only.

Set interrupt level at 2.

Select rising edge.

Clear external interrupt request flag.
Enable interrupt request outputs.
Enable interrupts.

241



CHAPTER 10 EXTERNAL INTERRUPT CIRCUIT 1 (EDGE)

242

PUSHW A
User processing

POPW A

XCHW AT
POPW A
RETI

ENDS

END



CHAPTER 11

EXTERNAL INTERRUPT
CIRCUIT 2 (LEVEL)

This chapter describes the function and operation of an
external interrupt circuit 2 (level).

11.1 Overview of External Interrupt Circuit 2
11.2 Configuration of External Interrupt Circuit 2
11.3 Pins of External Interrupt Circuit 2

11.4 Registers of External Interrupt Circuit 2
11.5 Interrupt of External Interrupt Circuit 2

11.6 Operations of External Interrupt Circuit 2

11.7 Program Example for External Interrupt Circuit 2
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11.1

Overview of External Interrupt Circuit 2

External interrupt circuit 2 detects the predetermined level of a signal input to any of the
eight external interrupt pins and generates and issues an interrupt request to the CPU.

B Functions of External Interrupt Circuit 2 (Level Detection)

Externa interrupt circuit 2 functions to detect an "L" level signal input to any of the external interrupt pins
and generate and issue an interrupt request to the CPU, thereby enabling recovery from standby mode and a
transition to normal operating state (main clock operation mode).

244

External interrupt pins: Eight pins (POO/INT20/AN4 to PO3/INT23/AN7, PO4/INT24 to PO7/INT27)

External interrupt triggering:  Input of an "L" level signal to one of the above external interrupt pins
triggers an external interrupt.
Interrupt control: An external interrupt 2 control register (EIE2) enables or disables external interrupt
inputs.
Interrupt flag: Detection of the "L" level is indicated by an externa interrupt request flag bit of the
external interrupt 2 flag register (EIF2).

Interrupt request: An interrupt request is generated if the state of one of the above external interrupt pins
is"L" (IRQA).
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11.2  Configuration of External Interrupt Circuit 2

The external interrupt circuit 2 comprises the following three blocks:
* Interrupt request generating circuit

» External interrupt 2 control register (EIE2)

» External interrupt 2 flag register (EIF2)

m Block Diagram of External Interrupt Circuit 2

Figure 11.2-1 Block Diagram of External Interrupt Circuit 2

External interrupt 2 control register (EIE2) External interrupt 2 flag register (EIF2)
[iE27 TiE26]1E25 [1E24 [ 1E23[1E22 [ 1E21]1IE20] [ — T — [ — 1T — [ — T — [ — T1IF20]

POO/INT20/AN4 | Pin
PO1/INT21/AN5 | Pin

PO2/INT22/AN6|_Pin
P0O3/INT23/AN7[_Pin

PO4/INT24 Pin

PO5/INT25 [ Pin | request IRQA
PO6/INT26 [ Pin }

PO7/INT27 | Pin |

<
External interrupt

@ |Interrupt request generating circuit

The interrupt request generating circuit generates an interrupt request signal in accordance with the signal
input to one of the external interrupt pins (INT20 to INT27) and the contents of an external interrupt input

enable bit.

@ External interrupt 2 control register (EIE2)

The external interrupt input enable bits (IE20 to IE27) enable or disable "L" level input from the external

interrupt pins, with each bit corresponding to a pin.

@ External interrupt 2 flag register (EIF2)

The external interrupt request flag bit (IF20) is used to hold or clear an interrupt request signal.

® Trigger causing external interrupt circuit 2 to generate an interrupt

* IRQA:When an "L" level signal isinput to any of the external interrupt pins INT20 to INT27 and the
external interrupt input enable bit corresponding to the pin is "1", external interrupt circuit 2
generates an interrupt request.
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11.3  Pins of External Interrupt Circuit 2

This section describes the pins associated with external interrupt circuit 2 and
illustrates a block diagram of circuitry terminating at the pins with reference to the
registers and interrupt triggering.

B Pins Associated with External Interrupt Circuit 2

The pins associated with external interrupt circuit 2 are eight external interrupt pins.

® POO/INT20/AN4 to PO3/INT23/AN7

These external interrupt pins function as external interrupt input pins (hysteresis input) and as the pins of
the general -purpose 1/0O port and analog inputs.

The POO/INT20/AN4 to PO3/INT23/AN7 pins function as external interrupt input pins (INT20 to INT23) if
set to function as an input port by the corresponding bits of the port O data direction register (DDRO), if set
to be enabled for external interrupt inputs (ADEN=0) by the corresponding bits of the A/D enable register
(ADEN), and if external interrupt inputs are enabled (EIE2:1E20 to 1E27=1) by the external interrupt 2
control register (EIE2). When set to function as an input port by the DDRO register, the state of these pins
can be read from the port 0 data register (PDRO) at any time.

@® PO04/INT24 to PO7/INT27

These externa interrupt pins function as external interrupt input pins (hysteresis input) and also serving as
the pins of the general-purpose I/O port.

The PO4/INT24 to PO7/INT27 pins function as external interrupt input pins (INT24 to INT27) if set to
function as an input port by the corresponding bits of the port O data direction register (DDRO) and if
externa interrupt inputs are enabled by the externa interrupt 2 control register (EIE2). When set to
function as an input port, the state of these pins can be read from the port O data register (PDRO) at any
time.

Table 11.3-1 lists the pins associated with external interrupt circuit 2.

Table 11.3-1 Pins Associated with External Interrupt Circuit 2

External Use for external interrupt input Use for general-purpose 1/O port
interrupt pin (Interrupt input enabled) (Interrupt input disabled)
POO/TNT20/AN4 | TNT20 (EIE2:|E20=1,DDRO:bit0=0,ADEN:ADE4=0) POO (EIE2:1E20=0)
POL/INT21/AN5S INT21 (EIE2:1E21=1,DDRO0:bit1=0,ADEN:ADE5=0) PO1 (EIE2:1E21=0)
PO2/INT22/AN6 INT22 (EIE2:1E22=1,DDRO0:bit2=0,ADEN:ADEG=0) P02 (EIE2:1E22=0)
PO3/INT23/AN7 | INT23 (EIE2:|E23=1,DDRO:hit3=0,ADEN:ADE7=0) PO3 (EIE2:IE23=0)
PO4/INT24 INT24 (EIE2:1E24=1,DDRO0:hit4=0) P04 (EIE2:1E24=0)
PO5/INT25 INT25 (EIE2:1E25=1,DDRO0:hit5=0) PO5 (EIE2:1E25=0)
PO6/INT26 INT26 (EIE2:1E26=1,DDRO:hit6=0) P06 (EIE2:IE26=0)
PO7/INT27 INT27 (EIE2:1E27=1,DDRO0:hit7=0) PO7 (EIE2:1E27=0)
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m Block Diagram of Circuitry Terminating at the Pins Associated with External Interrupt

Circuit 2

Figure 11.3-1 Block Diagram of Circuitry Terminating at the Pins Associated with External Interrupt

Circuit 2

Internal data bus

""""""" AJD converter  AID converter |  POO/INT20/AN4
| channel select enable bit | PO1/INT21/AN5
! ToAID == \ " P02/INT22/AN6
| converter's < ' TNIT52
i analog input = - : FPOS/IN;I'ZS/A|N7
U INT20, INT21 From externa
P INTZ0, INT 2 e g
LINT22, INT23 ‘qgo— interrupt enable
| —(E Stop mode
R N I 1 (SPL=1)
éilNT24, iINT25 T | P04/INT24
'INT26, INT27 1< PO5/INT25
PDR ’ — (gl ] Po6/INT26
(AE———| PO7/INT27
PDR read
1
PDR read Pull-up
(when rre%?j'-modify-write resistor
is performed) ——|
Output q;-ch
latc|

PDR write

DDR write

PUL read

PUL
PUL write

Stop mode
(SPL=1)

Pins

POO/INT20/AN4
PO1/INT21/AN5
PO2/INT22/AN6
PO3/INT23/AN7
PO4/INT24

PO5/INT25

SPL: Pin status setting bit of standby control register (STBC)

PO6/INT26
PO7/INT27

Note:

When the ON setting of the pull-up resistor is selected by the pull-up setting register, the pin state will
be "H" level (pull-up state) rather than Hi-Z during stop mode (SPL = 1). During a reset, however, the
pull-up isinvalid and the pin remains at Hi-Z.
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B Association between the Interrupt Enable Bits for External Interrupt Circuit 2 and the
External Interrupt Pins

The interrupt enable bits are associated with the external interrupt pinsaslisted in Table 11.3-2..

Table 11.3-2 Correspondence between the External Interrupt Enable Bits and the External
Interrupt Pins

Register Bit name External interrupt pin
bit7 IE27 INT27
bit6 IE26 INT26
bit5 IE25 INT25
bit4 IE24 INT24
EIE2 —
bit3 IE23 INT23
bit2 IE22 INT22
bitl IE21 INT21
bit0 IE20 INT20
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Registers of External Interrupt Circuit 2

The external interrupt 2 control register (EIE2) is used to enable or disable the external
interrupt pins.

B Registers Associated with External Interrupt Circuit 2

Figure 11.4-1 Registers Associated with External Interrupt Circuit 2

EIE2 (External interrupt 2 control register)

Address  bit7  bit6  bit5  bit4  bit3  bitz  bitl  bit0 Initial value
oosen | 1IE27 | 1IE26 | 1E25 | IE24 [ 1E23 | 1IE22 | IE21 | IE20 | 00000000E
RW RW RW RW RW RW RW RW

EIF2 (External interrupt 2 flag register)
Address  bit7 bit6  bits bit4 bit3 bit2 bitl bit0 Initial value
o3 | — | — | — [ — | — | =] = [ o] - 08
R/W

R/W : Readable/Writable
— : Unused
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11.4.1 External Interrupt 2 Control Register (EIE2)

The external interrupt circuit 2 control register (EIE2) enables or disables the interrupt
inputs to the external interrupt pins INT20 to INT27.

m External Interrupt Circuit 2 Control Register (EIE2)

Figure 11.4-2 External Interrupt Circuit 2 Control Register (EIE2)

Address bit7  bit6 bit5 bit4  bit3  bit2 bitl bit0 Initial value
0036H | IE27 | IE26 | IE25 | IE24 | IE23 | IE22 | IE21 | IE20 | 000000008
RW RW RW RW RW RW RW R/W

IE27 to IE20 External interrupt request enable bits
0 Disables external interrupt request outputs
1 Enables external interrupt request outputs

R/W : Readable/Writable

[ : Initial value

Table 11.4-1 Correspondence between the Bits of the External Interrupt 2 Control Register
(EIE2) and the External Interrupt Pins

Register Bit name External interrupt pin
bit7 IE27 INT27
bit6 IE26 INT26
bit5 IE25 INT25
bit4 IE24 INT24
EIE2 S
hit3 IE23 INT23
bit2 IE22 INT22
bitl IE21 INT21
hit0 IE20 INT20
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Table 11.4-2 Functions of the Bits of the External Interrupt 2 Control Register (EIE2)

Bit name

Function

bit7

bit0

IE27 to IE20:
External interrupt
input enable bits

» These hits enable or disable the interrupt inputs to external
interrupt pins INT20 to INT27.

»  When one of these bitsisset to "1", the corresponding external
interrupt pin functions as an external interrupt input pin and
accepts external interrupt inputs.

*  Whenthebitisset to"0", the corresponding pin functions as a
general-purpose port, but does not accept external interrupt
inputs.

Notes:

» When using a pin as an externa interrupt pin, write "0" in the
port O datadirection register (DDRO) in the bit corresponding to
the pin so that the pin servesinputs only.

» Regardless of the external interrupt input enable bit state, the
state of the external interrupt pin can be read directly from the
port O data register (PDRO). For pins INT20 to INT23,
furthermore, write "0" into A/D enable register (ADEN) in the
bits corresponding to the pins to use the pins for external
interrupt inputs.
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11.4.2  External Interrupt 2 Flag Register (EIF2)

The external interrupt 2 flag register (EIF2) is used to hold the interrupt state by flagging
an interrupt request flag when a level interrupt is detected and then clearing the flag.

m External Interrupt 2 Flag Register (EIF2)

Figure 11.4-3 External Interrupt 2 Flag Register (EIF2)

Address bit7 bité  bit5 bit4  bit3  bit2 biti  bit0 Initial value
oostw| — | — | — | —| =] — | = | re0]| —n 08
R/W
External interrupt request flag bit
IF20
When being read When being written
No interrupt request o
_ 0 ("L" level not detected) This bitis cleared
R/W : Readable/Writable - - -
. Unused 1 Interrupt request is generated No change in the bit, does not
. ("L" level detected) affect other operations
[ : initial value

Table 11.4-3 Explanation of Functions of Each Bit in External Interrupt 2 Flag Register

(EIF2)
Bit name Function
bit7 . . . .
o Unused bits ¢ Bit valueis undefined when being read.
bit1 e Thewritten value does not affect other operations.
* Whenan"L" level signal isinput to one of the external
interrupt pins(INT20 to INT27) for which externa
interrupt inputs are enabled, this bit is set to "1".
IE20: e Writing "0" clearsthisbit, and writing "1" does not change
. C this bit state and does not affect other operations.
bit0 External interrupt Note:
request flag bit The external interrupt enabl e bits of the external interrupt 2
control register (EIE2:1E20 to |E27) may disable external
interrupt inputs. I nterrupt requests continue to be generated
and issued to the CPU until the IF20 bit is cleared to "0".
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11.5 Interrupt of External Interrupt Circuit 2

An "L" level input signal input to one of the external interrupt pins triggers external
interrupt circuit 2 to generate an interrupt.

m Interrupt during the Operation of External Interrupt Circuit 2
When an "L" level signal is input to one of the external interrupt pins for which interrupt inputs are
enabled, the external interrupt request flag bit (EIF2:I1F20) is set to "1" and external interrupt circuit 2
generates and issues an interrupt request (IRQA) to the CPU. Write "0" for the IF20 bit within the interrupt
processing routine, thus clearing the interrupt request.

When the external interrupt request flag bit (IF20) is set to "1", external interrupt circuit 2 generates the
interrupt request, even if external interrupt inputs to the pin are set to disabled by the bit corresponding to
the pin among the interrupt enable bits (IE20 to IE27) of the external interrupt 2 control register (EIE2),
until the 1F20 bit is cleared. Therefore, the IF20 bit must always be cleared.
If the "L" level input to the external interrupt pin continues as it is, even if the IF20 bit is cleared with
external interrupt inputs to the pin remaining enabled, the I1F20 bit isimmediately set to "1" again. Disable
external interrupt inputs to the pin or remove the cause of the external interrupt as required.
Notes:

*  When enabling interrupts to the CPU following a release from the reset state, clear the IF20 bit in

advance.

+ "L" level inputs to external interrupt pins (INT20 to INT27) trigger external interrupt circuit 2 to
generate the same interrupt request (IRQA). Thus, when an external interrupt input is detected, it is
necessary to identify the pin at which the input occurs by reading the port O data register (PDRO)
before the input changesto "H" level.

Only external interrupt circuits 1 and 2 can execute a release from the stop mode by an interrupt.

B Register Associated with Interrupt Generation by External Interrupt Circuit 2 and
Vector Table

Table 11.5-1 Register Associated with Interrupt Generation by External Interrupt Circuit 2 and Vector

Table
Interrupt level setting register Vector table address
Interrupt designation
Register Bit for setting level Upper Lower
IRQA ILR3 (007Dy) LA1 (bit5) LAO (bit4) FFE6y FFE7Y

For interrupt operation, see Section "3.4.2 Stepsin the Interrupt Operation ".
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11.6  Operations of External Interrupt Circuit 2

External interrupt circuit 2 detects "L" level at any of the external interrupt pins, then
generates and issues an interrupt request to the CPU.

m Operation of External Interrupt Circuit 2
To operate the external interrupt circuit 2, the bits of the registers must be set as shown in Figure 11.6-1 .

Figure 11.6-1 Setting External Interrupt Circuit 2

bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0
ElE2 [ 1E27 | 1E26 | 1E25 | 1E24 | 1E23 | 1E22 | IE21 | IE20 |
© © © © © © © ©
eFe [ — | — [ — [ -] 7T =71 — [iFo]
©
DDRO | | | | | | | | |
0 0 0 0 0 0 0 0
ADEN | | | | | | | | |
0 0 0 0 X X X X
© . Used bit
X : Unused bit
0 : Set"o"

When an "L" level signal isinput to an external interrupt pin among the pins INT20 to INT27 with external
interrupt inputs being enabled by one of the IE20 to IE27 bits corresponding to the pin, external interrupt
circuit 2 generates and issues an IRQA interrupt request to the CPU.

Figure 11.6-2 shows the operation of external interrupt circuit 2 (when the INT20/AN4 pin is used).
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Figure 11.6-2 Operation of External Interrupt 2 (INT20)

Pulse waveform input
to INT20/AN4 pin | | |_| | I
(Detection of the "L" level) . .

External interrupt input enabled state

EIE2:IE20 — I I

Clear the bit within interrupt
processing routine.

EIF2:1F20 I_ I_

Qﬁa?]’gessta;&%'ﬁﬁngw_) Interrupt processing = Interrupt processing

Operation of interrupt | I I I

rocessing routine for
PRQA 9 RETI RETI
Can be read at any time.

PDRO:bit0 1 || | |

Note:

Even when the pin is used as an external interrupt input pin, the pin state can be read directly from the
port O data register (PDRO).
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11.7 Program Example for External Interrupt Circuit 2

An example of programming external interrupt circuit 2 is given below.

B Program Example for External Interrupt Circuit 2

@® Processing specification

The external interrupt circuit 2 detects an "L" level signal input to the POO/INT20/AN4 pin and generates
an interrupt.

@® Coding example

DDRO EQU 0001H ; Address of the port data direction register
ADEN EQU 0034H ; Address of the A/D enable register
EIE2 EQU 0036H ; Address of the external interrupt 2 control register
EIF2 EQU 0037H ; Address of the external interrupt 2 flag register
IF20 EQU EIF2:0 ; Definition of the external interrupt request flag bit
ILR3 EQU 007DH ; Address of theinterrupt level setting register
INT_V DSEG ABS ; [DATA SEGMENT]

ORG OFFE6GH
IRQA DW WARI ; Interrupt vector setting
INT_V ENDS
; Main program:
CSEG ; [CODE SEGMENT]

; Stack pointer (SP) is assumed to have been initialized.

CLRI ; Disable interrupts.

CLRB IF20 ; Clear externa interrupt request flag.

MOV  ILR2,#11111110B ; Setinterrupt level to 2.

MOV  DDRO,#00000000B . Set pin INT20/AN4 to serve inputs only.

MOV  ADEN,#00000000B ; Set pin INT20/AN4 to enable external interrupt inputs.
MOV  EIE2#00000001B ; Enable external interrupt inputs to pin INT20/AN4.

SETI ; Enable interrupts.

; Interrupt processing routine

WARI MOV El E2,#00000000B ; Disable external interrupt inputsto pin INT20/AN4.
CLRB IF20 ; Clear external interrupt request flag.
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PUSHW A
XCHW AT
PUSHW A

User processing

POPW A

CHAPTER 11 EXTERNAL INTERRUPT CIRCUIT 2 (LEVEL)

XCHW AT
POPW A
RETI

ENDS

END
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CHAPTER 12

A/D CONVERTER

This chapter describes the functions and operations of
the A/D converter.

12.1 Overview of A/D Converter

12.2 Configuration of A/D Converter

12.3 Pins of A/D Converter

12.4 Registers of A/D Converter

12.5 Interrupt of A/D Converter

12.6 Operations of A/D Converter Functions
12.7 Notes on Using A/D Converter

12.8 Program Example for A/D Converter
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12.1 Overview of A/D Converter

An A/D converter, which is of a 10-bit successive approximation type, selects an input
signal from eight channel analog inputs. The A/D converter can be activated with
software, an internal clock, or the output of an 8/16-bit capture timer/counter (16-bit
mode).

m A/D Conversion Functions

These functions convert the analog voltage (input voltage) input from an analog input to 10-bit digital
values.

* Ananalog input can be selected from eight channels.

» The conversion speed is 38 instruction cycles (when the main clock oscillation frequency is 12.5 MHz,
the speed is 12.2 ps).

* When A/D conversion is completed, an interrupt occurs.

» Software can determine that the conversion has been completed.

To activate A/D conversion functions, follow one of the methods given below.

« Activation with a software program.

« Continuous activation through the output of a time-base timer (main clock oscillation frequency divided
by 29).

« Continuous activation through the output of an 8/16-bit capture timer/counter (16-bit mode).
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12.2  Configuration of A/D Converter

The A/D converter consists of the following nine blocks.

Clock selector (input clock selector for activation of A/D conversion)
Analog channel selector

Sample hold circuit

D/A converter

Comparator

Control circuit

A/D data register (ADDH and ADDL)

A/D control register 1 (ADC1)

A/D control register 2 (ADC2)

m Block Diagram of the A/D Converter

Figure 12.2-1 Block Diagram of the A/D Converter

A/D control register 2 (ADC2)
[ — [rESv4|resva| ADCK]| ADIE [RESV2] EXT |RESV1|<,_:>

TO (output of an 8/16-bit timer) —>  Clock

28/Fcy (output of a time-base —>|  Selector
timer) |
PO3/INT23/AN7 —>|
PO2/INT22/AN6 —>|
PO1/INT21/AN5 —> M
NEOTY Analog Sample
POO/INT20/AN4 —> channel b p Comparator
P43/AN3 —> selector circuit
P42/AN2 — Control circuit
P41/AN1—> Q 9
P40/ANO —
A/D data register >
(ADDH,ADDL)
D/IA |
converter
[ — [ANS2] ANS1]ANSO]| ADI | ADMV]RESVO] AD |<: )
A/D control register 1 (ADC1)
IRQ8

TO : Output of an 8/16-bit capture timer/counter
Fcy - Oscillation

Internal data bus
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® Clock selector

The clock selector selects the clock to be used to activate A/D conversion while continuous activation is
enabled (ADC2: EXT =1).
Analog channel selector

This circuit selects one out of the eight analog inputs.

Sample hold circuit

This circuit holds the input voltage selected by the analog channel selector. By performing the sample hold
of the voltage input immediately after the activation of A/D conversion, A/D conversion can be performed
without the variance of the input voltage affecting it during A/D conversion (during comparison).

D/A converter

This generates the voltage that corresponds to the values set in the ADDH and ADDL registers.

Comparator
This compares the input voltage for which sample hold is performed, with the output voltage of the D/A
converter to determine which isthe greater of the two.

Control circuit

The control circuit has the following function.

e For A/D conversion functions, this circuit determines the values in turn from the MSB in the 10-bit A/D
data register toward the LSB based on the large and small signals from the comparator. When the
conversion is completed, it sets the interrupt request flag bit (ADC1: ADI).

A/D data register (ADDH and ADDL)

The high-order 2 bits of 10-bit A/D data are stored in the ADDH register. The low-order 8 bits of 10-bit
A/D dataare stored in the ADDL register.

The ADDH and ADDL registers have the following function.
e For A/D conversion function, these registers store the results of A/D conversion.

A/D control register 1 (ADC1)
This register is used to enable and disable functions, select an analog input, check statuses, and control
interrupts.

A/D control register 2 (ADC2)
This register is used to select an input clock, enable and disable interrupts, select functions, and perform
other activities.

Interrupts of the A/D converter

When the set conditions are satisfied at the completion of A/D conversion for IRQ8, if an interrupt request
output is enabled (ADC2: ADIE = 1), an interrupt request occurs.
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12.3 Pins of A/D Converter

This section describes the pins related to the A/D converter and shows a block diagram
of the pins related to the A/D converter.

B Pins Related to the A/D Converter
The pins related to the A/D converter are PO3/INT23/AN7 to POO/INT20/AN4, and P43/AN3 to PA0/ANO
pins.

@® PO3/INT23/AN7 to POO/INT20/AN4 and P43/AN3 to P40/ANO

PO3/INT23/AN7 to POO/INT20/AN4, and P43/AN3 to PA0/ANO pins can be used as general-purpose 1/0
ports (PO3 to POO, and P43 to P40) and as analog inputs (AN7 to ANO).

[AN7 to ANO]

When A/D conversion functions are used, input the analog voltage to be converted to these pins. To
enable a pin as the analog input, set "1" to the hit that corresponds to the A/D enable register (ADEN),
set "0" to the hit that corresponds to the port data direction register (DDRO), and switch the output
transistor to OFF, and select one using the bit for selecting an analog input channel (ADC1: ANSO to
ANS2). Even when the A/D converter is used, pins not used as analog inputs can be used as general-
purpose |/O ports.
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m Block Diagram of the Pins Related to the A/D Converter

Figure 12.3-1 Block Diagram of PO3/INT23/AN7 to POO/INT20/AN4 Pins

A/D converter | A/D converter enable bit
channel select| (only POO to PO3)
Tothe AD L
converter
analog input
To an external interrupt
PDR = |
<1 — ! From dilsabling an
PDR read external interrupt
_‘—Qj—— Stop mode (SPL = 1)
) 4 Pull-up
3 PDR read resistor
© (At read-modify-write) __I
= ) latc
g PDR write
i)
c

POO/INT20/AN4
PO1/INT21/AN5
P02/INT22/AN6
PO3/INT23/AN7

DDR write

Pins

Stop mode (SPL = 1)

PUL read

PUL
PUL write

SPL: Pin status setting bit of the standby control register (STBC)

Figure 12.3-2 Block Diagram of P43/AN3 to P40/ANO Pins

A/D converter A/D converter
channel select enable bit
To the A/D
converter
analog input
PDR
Stop mode (SPL = 1)
yd ( F
o -
PDR read
1%} b
3 N
- PDRread
= (At read-modify-write)
©
2 o B "
c
@ PDR write 4-
g | Pins |
P40/ANO
z AN
DDR write
2 Stop mode P43/AN3
DDR read (SPL=1)
b
BN
OUT read
ouT
OUT write
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12.4  Registers of A/D Converter

Figure 12.4-1 shows the registers related to the A/D converter.

B Registers Related to the A/D Converter

Figure 12.4-1 Registers Related to the A/D Converter

ADC1 (A/D control register 1)

Address  bit7 bité bit5  bit4 bit3 bit2 bitl bit0  Initial value

00304 [ — [ ANS2] ANS1]ANS0| ADI [ADMVIRESVO] AD | -00000008
RW RW RW RW R RW R/W

ADC2 (A/D control register 2)

Address bit7  bit6  bit5  bit4  bit3 bit2  bitl  bit0  Initial value

00314 [ — [RESVAIRESV3[ ADCK] ADIE [RESV2[ EXT [RESVi| -0000001p
RW RW RW RW RW RW RW

ADDH (A/D data register H)

Address  bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0 Initial value

o2y [ — [ — [ — [ — ] — [ — ] I | ——Xxg
R R

ADDL (A/D data register L)

Address  bit7 bit6  bit5 bit4  bit3  bit2  bitl  bito  Initial value
0033y | [ [ [ [ [ [ [ | XXXXXXXXB
R R R R R R R R

ADEN (A/D enable register)
Address  bit7 bité bits bit4 bit3 bit2  bitl bit0 Initial value

00344 [ ADE7]ADE6 | ADE5] ADE4 | ADE3 [ ADE2 [ ADE1 | ADEO] 000000008
RW RW RW RW RW RW RW RW

R/W : Readable/Writable
: Read only

— : Unused

: Undefined

x
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12.4.1  A/D Control Register 1 (ADC1)

A/D control register 1 (ADC1) is used to set the enabling and disabling functions of the
A/D converter, select an analog input, and check the status.

m A/D Control Register 1 (ADC1)

Figure 12.4-2 A/D Control Register 1 (ADC1)

Address bit7 bit6  bits bit4 bit3 bit2 bitl bit0 Initial value

00304 | — | ANs2[ANs1[ANso| api [ADMV[RESVO| AD | -00000008
RW RW RW RW R RW RW
|
\% A/D conversion activation bit

This bit is enabled only when software is activated
AD (ADC2: EXT =0).
Always 0 for at reading.

A/D conversion functions are not activated.

1 A/D conversion functions are activated.
RESVO Reserved bit

0 Not changed. This does not affect others.

1 Not changed. This does not affect others.
ADMV Converting flag bit

0 Not during conversion.

1 During conversion.

Interrupt request flag bit

ADI ) , ,
During read During write
0 g(?r%‘féfé%r_] has not been This bit is cleared.
1 Conversion has been Not changed. This does not
completed. affect others.
ANS2 | ANS1 | ANSO Analog input channel selection bits
0 0 0 | ANO pin (P40/ANO)
0 0 1 | AN1 pin (P41/AN1)
0 1 0 | AN2 pin (P42/AN2)
0 1 1 | ANS3 pin (P43/AN3)
1 0 0 AN4 pin (POO/INT20/AN4)
1 0 1 | ANS5 pin (PO1/INT21/AN5)
1 1 0 ANG pin (PO2/INT22 /ANG)
1 1 1 AN7 pin (PO3/INT23 /AN7)

R/W : Readable/Writable
R : Read only

[ : Initial value

266



CHAPTER 12 A/D CONVERTER

Table 12.4-1 Explanation of Functions of Each Bit in the Bits in A/D Control Register 1 (ADC1)

Bit name Function
. . e Thevaueduring read is not determined.
bit7 Unused bit e Write does not affect operations.
This bit is used to select which pin to be used as an analog input from ANO to
. i AN?7.
bité ANS2, ’/.'\NSL ANSO: When softwareis activated (ADC2: EXT = 0), this bit can be rewritten
to Analog input channel . N . "
. . . concurrently with the activation of A/D conversion (AD = 1).
bit4 selection bits Note:
Pins not used as analog inputs can be used as general -purpose ports.
¢ When A/D conversion functions are enabled:
ADI: ¢ When A/D conversion is completed, "1" is set to this bit.
. ) * When thisbit and the bit for enabling an interrupt request (ADC2: ADIE) are
bit3 Interrupt request flag A .
bit 1", an interrupt request is output.
e At write, thisbit is cleared with "0". When "1" is set to this bit, nothing is
changed or affected by this.
Thishbit indicates that A/D conversion is being performed, when A/D conversion
functions are enabled.
. ADMV: During conversion (comparison), this bit isset to"1".
bit2 . . }
Convertion flag bit Note:
This bit isread-only. The written value isignored and nothing is affected by
the value.
bit1 RESVO: ¢ Thevalue during read is not determined.
Reserved bit * Write does not affect operations.
e Thisbit isused to activate A/D conversion functions with software.
* Inthe state where continuous activation is not performed (ADC2: EXT =0),
AD: when "1" is set to this hit, A/D conversion functions are activated.
bit0 A/D conversion Notes:
activation bit « Evenif "0" iswritten to this bit, the operation of A/D conversion functions

cannot be stopped. The read value is always "0".
 During continuous activation, this bit isignored.
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12.4.2  A/D Control Register 2 (ADC2)

A/D control register 2 (ADC2) is used to select an input clock, enable and disable an
interrupt and continuous activation.

m A/D Control Register 2 (ADC2)

Figure 12.4-3 A/D Control Register 2 (ADC2)

Address hit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
00314| — |[REsva|rResva|Apck | ADIE [RESVZ| ExT [RESVI| -00000018
RW RW RW RMW RW RMW RW

— 1 |

L RESV1 Reserved bit
1 Be sure to write "1" to this bit.
EXT Bit for enabling continuous activation

0 Enables activation by setting the AD bit in the ADC1 register.

Enables continuous activation through the clock selected in the

1 | ADCK bit.
RESV2 Reserved bit
0 Be sure to write "0" to this bit.
ADIE Enabling an interrupt request bit
0 Disables the interrupt request output.
1 Enables the interrupt request output.
ADCK Selecting an input clock bit

Enabled only at continuous activation (EXT = 1)

From the time-base timer output (28/Fcp).

1 From the 8/16-bit capture timer/counter output (TO).

RESV3 |RESV4 Reserved bits
0 0 Be sure to write 00g to these bits.
R/W : Readable/Writable
— : Unused
[ : Initial value
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Table 12.4-2 Explanation of Functions of Each Bit in A/D Control Register 2 (ADC2)

Bit name Function
. . e Thevaueduring read is not determined.
bit7 Unused bit e Write does not affect operations.
bit6, RESV4,RESV3: ¢ Thisbitisareserved hit.
bit5 Reserved bits * Besuretowrite 005 to these bits.
bit4 ADCK: This bit is used to select an input clock for activation of A/D conversion
Selecting an input functionsin the state where continuous activation is performed (EXT = 1).
clock bit When thisbit is"0", theinternal clock with an oscillation frequency (selected
using the output of atime-base timer) divided by 28 is selected. When "1", the
output of an 8/16-hit capture timer/counter (TO: 16-bit mode) is selected.
ADIE: Thisbit is used to enable and disabl e the output of an interrupt to the CPU.
bit3 Enabling an interrupt When this bit and the interrupt request flag bit (ADC1: ADI) are"1", an
request bit interrupt request is output.
bit2 RESV2: e Thishitisareserved hit.
Reserved bit * Besureto write"0" to this hit.
Thisbit is used to select whether the A/D conversion functions are to be
activated with software or activated continuously in synchronization with an
EXT: input clock.
bitl Bit for enabling When this bit is"0", software activation with the bit for activating A/D
continuous activation conversion (ADC1: AD) isenabled. When "1", continuous activation on the
rising edge of the clock selected using the bit for selecting an input clock
(ADC2: ADCK) isenabled.
bit0 RESV1: e Thisbhitisareserved bit.
Reserved bit « Besuretowrite"1" to this hit.
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12.4.3 A/D Data Register (ADDH and ADDL)

A/D data register (ADDH and ADDL) stores the results of A/D conversion at 10-bit A/D
conversion.

The high-order 2 bits of 10-bit data correspond to the ADDH register. The low-order 8
bits correspond to the ADDL register.

m A/D Data Register (ADDH and ADDL)
Figure 12.4-4 shows the bit configuration of the A/D data registers.

Figure 12.4-4 A/D Data Registers (ADDH and ADDL)

ADDH (A/D data register H)
Address bit7 bit6  bit5 bit4 bit3  bit2  bitl bit0 Initial value
0032w (= = [ = [ = [ = [ =T T ]-XXs
R R

ADDL (A/D data register L)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
00334 | | | | | | | | | XXXXXXXXB
R R R R R R R R

R : Readonly
X 1 Undefined

Of the 10-bit A/D data, the high-order 2 bits correspond to bits 1 and O in the ADDH register. The low-
order 8 bits correspond to bits 7 to 0 in the ADDL register.

@® When A/D conversion functions are enabled

When A/D conversion is activated, after about 38 instruction cycles, the data on the conversion results are
fixed and stored to these registers. Therefore, after A/D conversion, read these registers (conversion
results), write "0" to the ADI bit (bit3) in the ADC1 register until the next A/D conversion is completed,
and clear the flags after A/D conversion. During A/D conversion, the values in these registers are not
determined. When A/D conversion functions are enabled, these registers function as read-only registers.
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12.4.4  A/D Enable Register (ADEN)

The ADEN register is used to select the analog input port that corresponds to different
pins. Writing "1" to an appropriate ADEN register bit enables analog input.

m A/D Enable Register (ADEN)
Figure 12.4-5 shows the bit configuration of the A/D enable register.

Figure 12.4-5 A/D Enable Register (ADEN)

Address bit7  bit6  bit5 bit4 bit3  bit2 bitl  bit0 Initial value
00341 | ADE7 | ADE6 | ADES | ADE4 | ADES | ADE2 | ADE1 | ADEO| 000000008
RW RW RW RW RW RW RW R/W

ADE7 to ADEO A/D input bits
0 Port input
1 Analog input

R/W : Readable/Writable
[ : Initial value

An A/D input port can be used as a general-purpose 1/O port.
The ADEN register is used to select the port that corresponds to the analog input.

Set "1" to the corresponding bit in the ADEN register for the port to be used for analog input. This prevents
the DC pass when the middle level voltage is applied to the A/D input port.

When this register is to be used as the A/D input port, do not select the bit that indicates use of a pull-up
resistor from the pull-up setting register.
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12.5 Interrupt of A/D Converter

A factor for an interrupt of the A/D converter is the following.
* Completion of conversion when A/D conversion functions are enabled

m Interrupt when A/D Conversion Functions are Enabled

When A/D conversion is completed, the interrupt request flag bit (ADC1: ADI) issetto "1". At thistime, if
the bit for enabling an interrupt request is enabled (ADC2: ADIE = 1), an interrupt request to the CPU
(IRQ8) occurs. Write "0" to the ADI bit using the routine for interrupt handling to clear the interrupt
request.

The ADI hit is set when A/D conversion is completed, irrespective of the value of the ADIE hit.

Note:

When the ADI bhit is "1", if the ADIE bit is enabled (changed from "0" to "1"), an interrupt request
occursimmediately.

B Register and Vector Table Related to the Interrupt of the A/D Converter

Table 12.5-1 Register and Vector Table Related to the Interrupt of the A/D Converter

Register to set the interrupt level Address of the vector table
Interrupt name
Register Bit to be set High order Low order
IRQ8 ILR3 (007Dyy) L81 (bit1) L80 (bit0) FFEAH FFEB
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12.6  Operations of A/D Converter Functions

The A/D converter can be activated with software or activated continuously.

m Activating the A/D Converter Functions

@® Software activation

To activate A/D conversion functions with software, set registers as shown in Figure 12.6-1 .

Figure 12.6-1 Setting A/D Conversion Functions (at Software Activation)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0

ADC1 | — [ANS2]ANS1]ANSO]| ADI [ADMVIRESVO] AD |
© © © © © 1
ADC2 | — [RESV4|RESV3[ADCK | ADIE [RESV2] EXT |RESVI|
0 0 X © 0 0 1
ADDH | The results of A/D conversion are stored. |
ADDL | The results of A/D conversion are stored. |
ADEN | [ [ [ [ [ [ [ |

©  : Used bit

X : Unused bit

1 : Set"1"

0 : Set"0"

% Set"1" to an appropriate bit

When A/D conversion is activated, the operations of A/D conversion functions are started. In addition,
even during conversion, A/D conversion functions can be reactivated.

@® Continuous activation

To activate A/D conversion functions continuously, set registers as shown in Figure 12.6-2 .
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Figure 12.6-2 Setting A/D Conversion Functions (at Continuous Activation)

bit7 bité bits bit4  bit3 bit2 bitl  bit0

ADC1 [ — [ANS2] ANS1[ANSO] ADI [ADMV]RESVO] AD |
© © © © © X

ADC2 | — [Rresva]resv3] Abck] ADIE [Resv2| ExT [RESvi]
0 0 © © 0 1 1

ADDH | The results of A/D conversion are stored. |

ADDL | The results of A/D conversion are stored. |

ADEN | | | | | | | | |

© : Used bit

X : Unused bit

1 . Set"1"

0 : Set"0"

¥ 1 Set"1" to an appropriate bit

When continuous activation is enabled, A/D conversion is activated on arising edge of the selected input
clock and the operations of A/D conversion functions are started. When continuous activation is disabled
(ADC2: EXT = 0), continuous activation is stopped and activation with softwareis possible.

B Operations of A/D Conversion Functions

The operations of the A/D converter are described here. It takes about 38 instruction cycles from activating
A/D conversion to completing it.

1

When A/D conversion is activated, the conversion in-progress flag bit is set (ADC1: ADMV = 1), and
the analog input set is connected to the sample hold circuit.

During about 16 instruction cycles, the voltage of the analog input is captured and held in the capacitor
for internal sample hold. Thisvoltageis held until A/D conversion has been completed.

The comparator compares the voltage captured and held in the capacitor for sample hold with the
reference voltage for A/D conversion from the MSB to the LSB. The results are transferred to the
ADDH and ADDL registersin turn.

When all the results have been transferred to the ADDH and ADDL registers, the conversion in-
progress flag hit is cleared (ADC1: ADMV = 0), and the interrupt request flag bit is set (ADC1: ADI =
1).
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12.7 Notes on Using A/D Converter

This section describes notes on using the A/D converter.

m Notes on Using the A/D Converter

® Input impedance of the analog input

The A/D converter contains the sample hold circuit as shown in Figure 12.7-1 , captures the voltage of the
analog input, and holds it in the capacitor for sample hold in about 16 instruction cycles, after activation of
A/D conversion. Accordingly, when the output impedance of the external circuit of the analog input is high,
the analog input voltage may not be stabilized during analog input sampling period. Therefore, set the
output impedance of the external circuit to a sufficiently low level (lower than about 4 kQ). If the output
impedance of the external circuit cannot be set low, it is recommended that a capacitor with about 0.1 uF be
added externally to the analog input.

Figure 12.7-1 Equivalent Circuit of Analog Input

MB89202/F202RA series Sample hold circuit
ANO to AN7
_°\°_/V\/ I I Converter
/V R C
ar? lgﬁgﬂ? After activation of A/D conversion,
channel 9 close 16 instruction cycles

® Notes on setting using a program

When A/D conversion functions are enabled, the values in the ADDH and ADDL registers are held
without being changed until the activation of A/D conversion. However, once A/D conversion is
activated, the valuesin the ADDH and ADDL registers become undefined immediately.

When A/D conversion functions are enabled, do not reselect an analog input channel (ADC1: ANS3 to
ANSDO). Especidly, during continuous activation, disable continuous activation (ADC2: EXT = 0), and
wait for the conversion in-progress flag bit (ADC1: ADMV) to be "0" for reselection.

The A/D converter is stopped via areset and activation of the stop mode, and all registers areinitialized.

When the interrupt request flag bit (ADC1: ADI) is "1" and an interrupt request is enabled (ADC2:
ADIE = 1), recovery from interrupt handling is no longer possible. Be sure to clear the ADI bit.

Note:

When A/D conversion is completed, if the next conversion is reactivated, the interrupt request flag bit
(ADCL1: ADI) isnhot set.
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® Notes on interrupt requests
If A/D conversion is reactivated (ADC1: AD = 1) and terminated at the same time, the interrupt request
flag bit (ADCL1: ADI) ishot set.

@® Conversion time
Changing the oscillation frequency or clock speed (gear functions) affects the conversion speed of A/D
conversion functions.

® Input clock of continuous activation

The output of an 8/16-bit capture timer/counter is affected by gear functions. The output of a time-base
timer is not affected by gear functions. Clearing a time-base timer affects cycles.

Since the output of an 8/16-bit capture timer/counter is the output of the 16-bit mode, the 8-bit mode cannot
be used.
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12.8 Program Example for A/D Converter

This section shows a program example of the 10-bit A/D converter.

m Program Example of the A/D Conversion Functions

@® Processing specifications

The analog voltage to be applied to the ANO pin is converted to digital voltage through software activation.

In this example, completion of conversion is detected in aloop in the program without using interrupts.

® Coding example

PDR4 EQU
ADC1 EQU
ADC2 EQU
ADDH EQU
ADDL EQU
ADEN EQU
ANO EQU
ADEO EQU
ADI  EQU
ADMV EQU
AD  EQU
EXT EQU
CSEG
SETB
CLRI
SETB
CLRB
AD_WAIT
BBS
MOV
MOV
SETI
SETB
AD_CONV
BBS
CLRB

Main program

OOOFH
0030H
0031H
0032H
0033H
0034H
PDR4:0
ADEN:0
ADC1:3
ADC1:2
ADC1:.0

ADC2:1

; Address of port 4 dataregister 4

; Address of A/D control register 1
; Address of A/D control register 2
; Address of A/D dataregister H

; Address of A/D dataregister L

Enables the A/D input pin.

Defines the ANO analog input.

Enables the ANO analog input.

Defines the interrupt request flag bit.

Defines the conversion in-progress flag bit.

Defines the bit for activating A/D conversion (software
activation).

Defines the bit for enabling continuous activation.

ANO

ADEQO
EXT

ADMV,AD_WAIT

ADC1,#00000000B

ADC2,#00000001B

AD

ADMV,AD_CONV

ADI

[CODE SEGMENT]

Sets the PA0/ANO pin to the analog input.
Disables interrupts.

Enables the ANO pin.

Disables continuous activation.

Loop for verifying that the A/D converter is stopped.
Selects analog input channel 0 (ANO), clearsthe
interrupt request flag, does not perform software
activation.

Disables the interrupt request output, selects A/D
conversion functions, and selects software activation.
Enables interrupts.

. Activates software.

Loop for waiting for completion of A/D conversion
(at about 12.2 us/12.5 MHz)
Clearsthe interrupt request flag.
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MOV
MOV

ENDS

A,ADDL
A,ADDH

; Reads A/D conversion data (low-order 8 bits).
; Reads A/D conversion data (high-order 2 bits).

END
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UART

This chapter describes the functions and operations of
UART.

13.1 Overview of UART

13.2 Configuration of UART

13.3 Pins of UART

13.4 Registers of UART

13.5 Interrupt of UART

13.6 Operations of UART Functions
13.7 Program Example for UART
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13.1 Overview of UART

UART is a general-purpose communication interface for serial data. UART allows
variable-length serial data to be transferred synchronously or asynchronously with a

clock. The transfer format is NRZ. The dedicated baud rate generator, external clock, or

internal timer (8-bit PWM timer) settings determine the data transfer format.

m Functions of UART

UART supports (seria 1/0) functions for sending serial data to, or receiving serial data from a CPU or

peripheral functions.

The full-duplex double-buffer enables bi-directional full-duplex communication.

Table 13.1-2 provides the transfer rates of the dedicated baud rate generator, and Table 13.1-3 provides the

Synchronous data transfer mode or asynchronous data transfer mode can be sel ected.

The internal baud rate generator allows one of 14 baud rates to be selected. Also, external clock input
and 8-bit PWM timer output allow user-defined baud rates to be specified.

The length of datais variable. When no parity is used, 7 bitsto 9 bits are available. When parity is used,
6 bitsto 8 bitsare available (Table 13.1-1).

The data transfer format is NRZ (Non Return to Zero).

transfer rates of the external clock.

Table 13.1-1 UART Operating Modes

Data length
Operating mode Synchronization mode Stop bit length
Parity not used Parity used
0 7 bits 6 bits Synchronous/asynchronous 1 bit or 2 hits*
1 8 hits 7 bits Synchronous/asynchronous 1 bit or 2 bits*
2 8+1 hits - Synchronous/asynchronous 1 bit or 2 bits*
3 9 hits 8 hits Synchronous/asynchronous 1 bit or 2 hits*

*: Only one bit is allowed for the stop bit length when data is received. The second bit isignored even if it is received.
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m Serial Switch

UART and 8-bit seria /O use the same pins, thus they cannot be simultaneously used. The serial switch
circuit needs be used to select either of them.

When UART is selected using the serial switch, P30/UCK/SCK is used as the UART serial clock 1/O pin
(UCK), P3L/UO/SO is used as the UART data output pin (UO), and P32/UI/SI is used as the UART data
input pin (UI).

Note:

In this chapter, the pin function switch and register functions are explained on the presupposition that
UART is selected using the serial switch circuit.

B Choice of the Transfer Clock Rate

Figure 13.1-1 Baud Rate Generator and Serial Clock Generator

PR2 to PRO RC2 to RCO
CS1, CSo SMDE CR
UART prescaler l
120 | I I l y
Lo | Jweo [ |...nl |1 O 1/8 O
st2 771114 07O a0 P M2 [ 11367° O\O 10
1/50 o) — 0 o) .
i When RC2 and RC1 O/O_ 116 0 ~—01— Serial
i =1,the d|V|der2 is 1 o 1/2 5 clock
even in asynchronous
mode. Y 1/64 O
PWM
output
UCK

tinst : Instruction cycle

@® Example of the baud rates selectable when the dedicated baud rate generator is used

Table 13.1-2 lists the baud rates selectable when the dedicated baud rate generator is used.

Table 13.1-2 Transfer Cycles and Transfer Rates Available for the Dedicated Baud Rate Generator
(When FCH =125 MHZ)

Transfer rate (us/baud)
Clock divider = 2.5 Clock divider = 1
(PR2=0, PR1=1, PR0O=0) (PR2=0, PR1=0, PR0O=0)
Rez | Ren | Reo | YOI | e | vanster | et | vanster
0 0 0 1(0) 83/12019 0.8/1.25M 33/30048 0.32/3.1M
0 0 1 2(1) 166/6010 1.6/625k 67/15024 0.64/1.6M
0 1 0 4(2) 333/3005 3.2/313k 133/7512 1.28/781k
0 1 1 8(3) 666/1503 6.4/156k 266/3756 2.56/391k
1 0 0 16(4) 1331/751 12.8/78k 532/1878 5.12/195k
1 0 1 32(5) 2662/375 25.6/3% 1065/939 10.24/98k
1 1 0 2(1) 13/78125 1.6/625k 5.12/195k 0.64/1.6M
1 1 1 16(4) 102/9766 12.8/78k 41/24k 5.12/195k
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Figure 13.1-2 Example of Calculating the Baud Rate

Clock divider Baud rate Synchronous/

1 g(l,(ljec(lz(t(gde a selected selected asynchronous Clock rate
———— = | i or x| (PR2,PR1,PRO) |x |(RC2,RC1,RCO)|x | Mode selected | (CR)
Value of baud rate CHs CH Divided by 1, 2 Divided by 1, 2 (SMDE)

L 1 & ivi Divided by 1,
16/Fch, 64/FcH 25,3 4 0r5 4,8, 16, or 32 ?:lgVIdEd by 1 or or 8 y
Note: When RC2 is
1and RC1is 1, the
divider is 1.
Notes:

The baud rate is specified using the clock gear register (CS1 and CS0), clock divider registers (PR2,
PR1, and PRO), or baud rate selection registers (RC2, RC1, and RCO). For the example of calculating
the baud rate, see Table 13.1-2 .

e Asynchronous transfer mode
1/12019bps= 0.8 ps{ 4/Fcy x 2.5(PR2=0,PR1=1,PR0=0)} x 1(CS1=CS0=1) x
8(asynchronous) x 1(RC2=RC1=RC0=0) x 13(asynchronous)

» Synchronous transfer mode
1/1.25Mbps = 0.8 us{ 4/Fcy x 2.5(PR2=0,PR1=1,PR0O=0)} x 1(CS1=CS0=1) x
1(synchronous) x 1(RC2=RC1=RC0=0) x 1(synchronous)

Table 13.1-3 provides an example of the baud rates sel ectable when an external clock is used.

Table 13.1-3 Transfer Cycles and Transfer Rates Selectable for an External Clock

Asynchronous transfer mode Synchronous transfer mode
Divider for baud Transfer cvcle Transfer rate Divider for Transfer cvale Transfer rate
rate &y (bps) * baud rate cy (bps) *
CR=0 16 256/Fcp or more 48828 or less
1 16/Fcp or more 781k or less
CR=1 64 1024/F¢ or more 12207 or less

*: The minimum value of Fqy specified for 12.5 MHz is external clock cycle 16/Fq = 1.28 ps.
Fcn: Oscillation frequency

Figure 13.1-3 Example of Calculating the Baud Rate (when an External Clock is Selected)

1
Value of baud rate

= External clock input X CR (CR=0---16
(min: 8/Fch X 2) CR=1---64

Fch : Oscillation frequency
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Table 13.1-4 provides an example of the baud rates selectable when the 8-bit PWM timer is used.

Table 13.1-4 Transfer Cycles and Transfer Rates Selectable for the 8-bit PWM Timer

PWM timer Asynchronous transfer mode Synchronous transfer mode
count clock Divider for
cycle Divider for clock Transfer rate (bps) clock Transfer rate (bps)
CR=0 16 97656 to 763
CR=1 64 2441410 191
CR=0 16 6103 t0 47.8
16t NsT 2 48828 to 381.5
CR=1 64 1526 to 11.9
CR=0 16 1526 t0 11.9
64t \sT 2 12207 to 95.4
CR=1 64 381.5t03
i CR=0 16 48828 to 381.5
8/16 b}t capture 2 391k to 3k
timer/counter CR=1 | 64 1220710 95.4

t,nst: Instruction cycle
The system clock control register (SY CC) selects the maximum clock speed (CS1 and CSO = 11g, 1 instruction cycle =
4/Fcp) in active mode.

Figure 13.1-4 shows an example of calculating the baud rate when the PWM timer is selected.

Figure 13.1-4 Example of Calculating the Baud Rate (when the PWM Timer is Selected)

Clock gear  Input clock select bit

selected (PWM) Compare register
64/Fcy 1(P1=0,P0=0) (ComP
! _|16/Fcn| | 16(P1=0PO=1) | | Value specified inthe |, g [CR=0:16
Value of baud rate 8/FcH 64(P1=1,P0=0) compare register + 1 CR=1:64
4/FcH 8/16 timer (P1=1,P0=1)

The value of the baud rate is determined by the clock input specified in the clock dividing rate register
(CS1 and CS0). The clock input is determined with an external clock (PWM timer). For calculation, see
Table 13.1-3 and Table 13.1-4 .

*  When an external clock is selected (Foy = 12.5 MHZz)
1/49kbps=1.28 us (min.) x 16 (CR=0)

*  When the PWM timer is selected (Fcy = 12.5 MH2)
1/98kbps=0.32 s (4/Fcpy) x 1 (P1=0,P0=0) x 1 (COMR=0) x 2 x 16 (CR=0)
1/24414 bps=0.32 us (4/Fcp) % 1 (P1=0,P0=0) x 1 (COMR=0) x 2 x 64 (CR=1)
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13.2

Configuration of UART

UART consists of the following ten registers and components:
» Serial mode control register (SMC)

» Serial rate control register (SRC)

» Serial status and data register (SSD)
» Serial input data register (SIDR)

» Serial output data register (SODR)

» Baud rate generator

* Reception control circuit

* Transmission control circuit
» Clock divider selection register (UPC)

* UART prescaler

m Block Diagram of UART
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Figure 13.2-1 Block Diagram of UART
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CHAPTER 13 UART

® Serial mode control register (SMC)

The SMC register controls UART operating mode. This register specifies the parity setting, stop bit length,
operating mode (data length), and synchronous/asynchronous mode, and enables/disables UART seria
clock output and serial data output.

@ Serial rate control register (SRC)

The SRC register controls the UART data transfer speed (baud rate). This register selects the input clock
and specifies the transfer rate to be applied when the baud rate generator is used.

@ Serial status and data register (SSD)

The SSD register indicates UART transmitting/receiving status, status in an error, parity received, or data
received at bit8. This register also enables/disables interrupts or specifies and confirms parity transmitted or
data transmitted with bit8.

@ Serial input data register (SIDR)

The SIDR register stores received data. Serial input is converted, then stored into this register. However,
the most significant bit of 9-bit datais stored in the SSD RD8/RP bit.

@® Serial output data register (SODR)

The SODR register specifies data to be transmitted. Data written into this register is converted to serial
format, then output. The most significant bit of 9-bit datais set in the SSD TD8/TP bhit.

@® Clock generator

The clock generator generates the transmit/receive clock in accordance with the dedicated baud rate
generator, external clock, and 8-bit PWM timer output.

@® Reception control circuit
The reception control circuit consists of the received byte counter, start bit detection circuit, and received
parity handling circuit.
The received byte counter takes count of received data When a unit of data that corresponds to the
specified data length is fully received, an interrupt request is generated.

The start bit detection circuit detects start bits in seria input signals. When the start bit detection circuit
detects a start hit, it writes data into the SIDR with shifts in accordance with the transfer rate.

When parity is used, the received parity handling circuit stores the parity bit in the data received. It aso
stores the most significant bit of 9-bit data received.

@® Transmission control circuit
The transmission control circuit consists of the transmitted byte counter and transmitted parity handling
circuit.

The transmitted byte counter takes count of data to be transmitted. When a unit of data that corresponds to
the specified datalength is fully transmitted, an interrupt request is generated.

When parity is used, the transmitted parity handling circuit generates a parity bit for the data to be
transmitted. It sets the most significant bit for data transmitted when it is made up of 9 bits.
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® UART interrupt sources
[Reception]

When data with the specified length is correctly received or when the overrun error or framing error

occurs while data is being received, the reception interrupt request (IRQ6) is generated if the reception
interrupt request is enabled (SSD: RIE = 1).

[Transmission]

When data to be transmitted is written into the SODR register, sent to the internal shift register, and the
next data then becomes writable, the transmission interrupt request (IRQ5) is generated if the
transmission interrupt request is allowed (SSD: TIE = 1).

@® UART prescaler, baud rate generator, clock divider selection register

The clock input to the baud rate generator is changeable by switching the rate of division using the clock
divider selection registers.
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13.3 Pins of UART

Pins relating to UART are the clock I/0 pin (P30/UCK/SCK), serial data output pin
(P31/UO/S0O), and serial data input pin (P32/Ul/SI).

B UART Relating Pins

® P30/UCK/SCK

This pin functions as the general-purpose /O port (P30), UART clock 1/O pin (UCK), or 8-bit serial clock
1/0 pin (SCK). When clock output is enabled (SMC: SCKE = 1), this pin functions as the UART clock
output pin (UCK) regardless of the vaue in the corresponding port direction register. When this pin
functions as the UART clock, do not use any external clock (SRC: CS1 and CSO must be other than 00g).
When using this pin as the UART clock input pin, disable clock output (SMC: SCKE = 0) and set it as the
input port using the corresponding port direction register (DDR3: bit0 = 0). In this case, be sure to select
the external clock (SRC: CS1 and CSO = 00g).

® P31/U0/SO

This port functions as the genera -purpose /O port (P31), UART seria data output pin (UO), or 8-bit serial
data output pin (SO). When serial data output is enabled (SMC: SOE = 1), this pin functions as the UART
serial data output pin (UO) regardless of the value in the corresponding port direction register.

@® P32/Ul/SI

This port functions as the general-purpose 1/0 port (P32), UART serial data input pin (Ul), or 8-bit serial
data input pin (SI). When using this pin as the UART serial data input pin, set this pin as the input port by
using the corresponding port direction register (DDR3: hit2 = 0).
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m Block Diagram of the UART-relating Pins

Figure 13.3-1 Block Diagram of UART-relating Pins

PDR
PDR read i Resource output
Resource
1 output
\N enable
PDR read

(At read-modify-write)

Output

Internal data bus

Y

T

q latc

PDR write

DDR
DDR write
I]
PUL read

Stop mode
(SPL=1)

) Stop mode
! (SPL=1)

/4 Resource
N\~ output allowed

C] P32/UI/SI

Pull-up resistor

—| Pch

—| Nch

PUL write

Pin

P30/UCK/SCK
P31/UO/SO
P32/U1/SI

When use of the pull-up resistor is selected in the pull-up setting register, the pin status does not become
Hi-Z but "H" level (pull-up state) in stop mode (SPL = 1). However, the pull-up resistor is not applied

during reset; accordingly, the pin status becomes Hi-Z.
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Registers of UART

CHAPTER 13 UART

Figure 13.4-1 shows the UART-relating registers.

B UART-relating Registers

Figure 13.4-1 UART-relating Registers

SMC (serial mode control register)

Address bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value
00284 | PENJ] SBL ] MC1] MCO] SMDE] — [ SCKE| SOE | 00000-00g
R/W R/W R/W R/W R/W R/W R/W
SRC (serial rate control register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0  Initial value
0029y | — | — ] crR [ csi1 ] cso] RC2] RC1]| RCO |--0110008
R/W R/W R/W R/W R/W R/W
SSD (serial status and data register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
002A+ | RDRF| ORFE| TDRE|] TIE | RIE [ — [TD8/TP|RD8/RP] 00100-1Xg
R R R/W R/W R/W R/W R
SIDR (serial input data register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0O Initial value
002By | | | | | | | | | XXXXXXXXg
R R R R R R R R
SODR (serial output data register)
Address bit7  bit6 bits  bit4 bit3 ~ bit2  bitl  bit0 Initial value
002BH | | | | | | | | | XXXXXXXXp
W W W W W w W W
UPC (clock divider selection register)
Address bit7 bit6 bits bit4 bit3 bit2 bitl bitO  Initial value
o02ch [ — | — T — T — TPREN] PR2] PR1 ]| PRO | ---0010g
R/W R/W R/W R/W
SSEL (serial switch register)
Address bit7  bité bit5  bit4 bit3 bit2 bitl  bit0
oo3By | — | — [ — | — | — [ — [ — ] SSEL] - OB
R/W
R/W : Readable/Writable
R : Read only
W Write only
— : Unused
X : Undefined
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13.4.1  Serial Mode Control Register (SMC)

The serial mode control register (SMC) specifies the parity setting, stop bit length,
operating mode (data length), and synchronous/asynchronous mode, and enables/
disables UART serial clock output and serial data output.

m Serial Mode Control Register (SMC)

Figure 13.4-2 Serial Mode Control Register (SMC)

Address  bit7  bit6  bits  bit4 bit3  bit2  bitl bitO Initial value

00284 | PEN [ SBL [ mc1 | mco [sMpE] — [scke| soE | 00000-00s
RW RW RW RW RW RW  RW
—! | |
|ﬁ SOE Serial data output enable bit

0 [ General-purpose port or 8-bit serial I/O data output pin

1 | UART serial data output pin

SCKE Clock output enable bit
0 |General-purpose port or clock input pin for UART/8-bit serial I/0O

1 [ UART clock output pin

SMDE| Synchronization mode selection bit

0 | Synchronous transfer mode

1 | Asynchronous transfer mode

Operating mode selection bits
MC1 | MCO Operating Data written:
mode [ BT R
0 0 0 7 bits 6 bits
0 1 1 8 bits 7 bits
1 0 2 8+1 bits —
1 1 3 9 bits 8 bits
SBL Stop bit length selection bit
0 | 2bits
1 | 1bit
PEN Parity enable bit
0 | Parity disabled
Parity enabled (TD8/TP in the SSD register allows choice of
1 |even/odd.)

R/W : Readable/Writable
— ¢ Unused

[ : Initial value
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Table 13.4-1 Explanation of Functions of Each Bit in the Serial Mode Control Register (SMC)

Bit name Description
bit7 PEN: This bit selects whether the parity bit isto be added (at transmission) and
Parity enable bit detected (at reception) when serial dataisinput/output.
This bit selects the stop bit length for data to be transmitted.
bit6 SBL: _ _ _ Note: _ _ _ _ o
Stop bit length selection bit When datais received, only the first bit of stop bitsis detected and the
second and later bits are ignored.
bits, | MC1, MCO: . $Ei 2;2375?;;2/ o?rzje;tillr;%grtc]r?gg (e(i?;llee? r? ?3ﬁbi nation with a parity
bit4 | Operating mode selection bits bit
SMDE: » Thisbit specifies synchronous transfer or asynchronous transfer mode.
bit3 | Synchronization modeselection | « Whenthishitis"0", synchronoustransfer modeis set. When thisis"1",
bit asynchronous transfer mode is set.
. . » Thevalueread out from this bit is undefined.
bit2 Unused bit « Writing avalueinto this bit does not affect any operations.

» Thisbit controls I/O of the serial clock.

*  Whenthishitis"0", P30/UCK/SCK pin functions as the serial clock
input pin. When thisbit is"1", it functions as the serial clock output
pin.

Notes:

¢ When the UCK pin functions as the serial clock input pin (SCKE = 0),
set the P30/UCK/SCK pin as the input port. Also, select the external
bit1l SCKE: . clock using the clock input selection bit (SRC: CS1 and CSO = 00g).
Clock output enable bt * When the UCK pinis set asthe serial clock output pin (SCKE = 1),
select a clock other than the external clock (SRC: CS1 and CSO must
not be 00g).

Note:

When the UCK pinisspecified asthe serial clock output (SCKE =1), it
functions as the UCK output pin regardless of the state of the general-
purpose port (P30).

When thisbit is"0", the P31/UO/SO pin functions as a general -purpose

port (P31). When thisbitis"1", it functions as the serial data output pin

bito SOE: (UO).
Serial data output enable bit Note:

When serial data output is enabled (SOE = 1), the pin functions as the
UO pin regardless of the state of the general-purpose port (P31).
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13.4.2  Serial Rate Control Register (SRC)

The serial rate control register (SRC) controls the data transfer rate (baud rate) in
asynchronous transfer mode. The SRC selects the input clock and sets the transfer rate
for the dedicated baud rate generator.

m Serial Rate Control Register (SRC)

Figure 13.4-3 Serial Rate Control Register (SRC)

Address bit7 b6 bit5 bit4 bitd bit2 bitl bit0 Initial value
00294 — | — | cr | cs1| cso| re2| Re1 | Reo| --0110008
RW RW RW RW RW RW

‘% re2l re1 | reo Baud rate selection bits
Asynchronous (us/baud) [ Synchronous (us/baud)
0 0 0 83/12019 0.8/1.25M
0 0 1 166/6010 1.6/625k
0 1 0 333/3005 3.2/313k
0 1 1 666/1503 6.4/156k
1 0 0 1331/751 12.8/78k
1 0 1 2662/375 25.6/39k
1 1 0 13/78125 1.6/625k
1 1 1 102/9766 12.8/78k
Clock input selection bits
CS1 . . ivi
CS0 Clock input CR bit Clock frequency divider
Asynchronous | Synchronous
0 16
0 0 External clock 1
1 64
0 1 | PWM timer output 0 16 2
1 64
1 0 Unused — —
Dedicated baud 0
1 1 rate generator 8 1
Clock rate input selection bit

CR [Effective only in asynchronous transfer mode (SMC: SMDE = 1)

0 | 1/16 of the clock input
1 | 1/64 of the clock input

R/W : Readable/Writable
—  : Unused *: However, when the dedicated baud rate generator is used (CS1 and CSO = 11g),

it is fixed at 1/8.
[ : Initial value
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Table 13.4-2 Explanation of Functions of Each Bit in the Serial Rate Control Register (SRC)

Bit name Description
bit7, Unused bits e Thevauesread out from these bits are undefined.
bit6 « Writing values to these bits does not affect any operations.
¢ Thisbit selects the clock rate in asynchronous transfer mode. However, when the
CR: dedicated baud rate generator is used (CS1 and CSO = 11g), it isfixed at 1/8
bits | Cl dck ratein regardless of the value in the CR bit. Specifying an external clock or 8-bit PWM
put . ) .
selection bit timer output as the clock input, the baud rate is set to 1/16 or 1/64 of the
corresponding clock frequency, depending on the CR value.
e Thisbit isnot significant in synchronous transfer mode.
bita CSl,C_SO: _ ¢ Thesehi ts_sel ect the clock input. _ _ _
bi t?: Clock input selection ¢ Theclock input can be an external clock (UCK pin), 8-bit PWM timer, or
bits dedicated baud rate generator.
* Thereare 8 types of baud rate in asynchronous transfer mode and 6 types of baud
bit2 RC2 RCL RCO: rate in synchronous transfer mode: 14 types of baud rate are selectable in total.
to Baué ] ate' o ec.ti onbits | * These bits are effective only when the dedicated baud rate generator is used for the
bit0 clock input. These bits are not significant when an external clock or 8-bit PWM
timer output is used.

293



CHAPTER 13 UART

13.4.3  Serial Status and Data Register (SSD)

The serial status and data register (SSD) controls data transmission/reception of UART
and status in an error, enables/disables interrupts, and specifies and checks settings
for parity or bit-8 transmitting data.

m Serial Status and Data Register (SSD)

Figure 13.4-4 Serial Status and Data Register (SSD)

Address bit7  bit6  bit5  bit4 bit3 bit2 bitl  bit0  |njtial value
002A4| RorF|orre [ ToRe| TIE | RIE | — [rosme[RosiRP| 00100-1Xs
RI__IR RW RW RW — RW R
Bit-8 receiving data/parity bit
L RD8/ - g party
RP Parity used Parity not used
(SMC: PEN =1) (SMC: PEN =0)
0 | Detects odd parity. . o
- Bit-8 receiving data*
1 | Detects even parity.
’ Bit-8 transmitting data/parity bit
TD - -
—> Tlf Parity used Parity not used
(SMC: PEN = 1) (SMC: PEN = 0)
0 | Adds odd parity. ) .
- Sets bit-8 transmitting data.*
1 | Adds even parity.
—>| RIE Reception interrupt request enable bit
0 | Disables output of reception interrupt requests.
1 | Enables output of reception interrupt requests.
TIE Transmission interrupt request enable bit
0 | Disables output of transmission interrupt requests.
1 | Enables output of transmission interrupt requests.
TDRE Transmitted data flag bit
0 | Data to be transmitted included
1 | Data to be transmitted not included
RDRFORFE| Received data flag bit/Overrun/Framing error flag bit
0 0 | Nodata
0 1 | Framing error
1 0 | Normal data
1 1 | Overrun error (previous data remaining)

R/W : Readable/Writable
R : Read only
— 1 Unused
X 1 Undefined
[ : Initial value
* . Effective only when data length is 9 bits (SMC: MC1 and MCO = 10g and 11g, operating mode is 2 or 3.)
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Table 13.4-3 Explanation of Functions of Each Bit in the Serial Status and Data Register (SSD)

Bit name Description
This bit indicates the state of serial input data register (SIDR).
When thishbitis"1", reading the SSD register, then the SIDR register clears RDRF.
bit7 RDRF: When this bit and reception interrupt request enable bit (RIE) are"1", the reception
Received data flag bit interrupt request is output.
Thisbit isintended only for read. Writing avalue into this bit has no significance
and does not affect any operation.
This bit indicates that the overrun or framing error occurs.
When an error occurs (ORFE = 1), no datais transferred from the reception shift
register to the SIDR register. Therefore, when an error occurs, the RDRF hit is not
ORFE: set. When thisbitis"1", reading the SSD register then SIDR register clearsthe
bit6 | Overrun/Framing error ORFE bit with "0".
flag bit When this bit and reception interrupt request enable bit (RIE) are"1", the reception
interrupt request is output.
Thisbit isintended only for read. Writing avalue into this bit has no significance
and does not affect any operation.
This bit indicates the state of serial output data register (SODR).
TDRE: When thisbitis"1", reading the SSD register and writing datainto the SODR
bit5 | Transmitted dataflag register output the data to the serial data output pin (UO).
bit When this bit and transmission interrupt request enable bit (TIE) are"1", the
transmission interrupt request is output.
TIE: This bit enables or disables the transmission interrupt request to the CPU.
bit4 | Transmission interrupt When this bit and transmission data flag bit (TDRE) are "1", the transmission
request enable bit interrupt request is output.
This bit enables or disables the reception interrupt request to the CPU.
RIE: When this bit and reception data flag bit (RDRF) are 1", the reception interrupt
bit3 | Reception interrupt request is output.
reguest enable bit When this bit and error flag bit (ORFE) are"1", the reception interrupt request for
an error is output.
. . The value read out from this bit is undefined.
bit2 | Unused bit Writing a value into this bit does not affect any operations.
When parity is not used and operating mode is 2 or 3 (the length of datato be
TD8/TP: transmitted/received is 9), this bit is handled as bit8 in the SODR register. When
bitl | Bit-8 transmitting data/ operating modeis not 2 or 3 and parity is not used, this bit is not significant.
parity bit When parity is used, this bit selects even parity or odd parity for the transmitted
data.
RDS/RP: When parity is not used and operating modeis 2 or 3 (the length of datato be
bito | Bit-8 receiving datal transmitted/received is 9), thisbit is handled as bit8 in the SIDR register. When

parity bit

operating mode isnot 2 or 3 and parity is not used, this bit is not significant.
When parity is used, this bit indicates the parity of received data.
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B Receiving Status
Figure 13.4-5 shows the states (receiving status) of serial input data obtained from the received data flag bit

(RDRF) and error flag bit (ORFE).

Figure 13.4-5 Receiving Status

RDRF | ORFE | Received data flag bit/Overrun/Framing error flag bit
0 0 No data
0 1 Framing error
1 0 Normal data
1 1 Overrun error (previous data remaining)

|:| . Initial value
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CHAPTER 13 UART

Serial Input Data Register (SIDR)

The serial input data register (SIDR) is for inputting (receiving) serial data.

m Serial Input Data Register (SIDR)

Figure 13.4-6 shows the configuration of the serial input data register bits.

Figure 13.4-6 Serial Input Data Register (SIDR)

Address bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value
002BH | | | | | | | | | XXXXXXXX5
R R R R R R R R
. Read only
: Undefined

The SIDR stores received data. The serial data input pin (Ul pin) receives seria data signas, the shift
register converts them, then this register stores them.

® When operating mode is 0, 1, or 3

For both the RDRF (Received data flag bit) and ORFE (Overrun/framing error flag bit), these flags go on
and an interrupt request to the CPU is generated when data is fully transmitted or received, then the stop bit
at the end is detected. When the RDRF is active, the data received is transmitted to the SIDR.

When the received datais correctly stored in thisregister, "1" is set for the received data flag bit (RDRF). If
the reception interrupt request is allowed, the reception interrupt is generated. When the RDRF bit has been
checked in interrupt processing or the program and the received data has been stored into this register, read
the contents in this register after reading the SSD register, then clear the RDRF flag.

@® When operating mode is 2

For both RDRF and ORFE, these flags go on when data is fully transmitted or received with the final data
bit (D8) set to "1" and the stop bit at the end is detected. However, when the framing error occurs, the flag
goes on regardless of the final data bit. An interrupt reguest to the CPU is generated when the flag goes on
and the interrupt request is allowed.
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13.4.5

Serial Output Data Register (SODR)

The serial output data register (SODR) sends out (transmits) serial data.

B Serial Output Data Register (SODR)

Figure 13.4-7 shows the configuration of the serial output data register bits.

Figure 13.4-7 Serial Output Data Register (SODR)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
002By | | | | | | | | | XXXXXXXX8
W w W W W W W W
W : Write only
X : Undefined
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When transmission is enabled, writing data to be transmitted into this register after reading the SSD register
sends the data to be transmitted to the transmission shift register, converts it into the seria format, then
outputs it from the serial data output pin (UO pin).

When the transmitted data is written into the SODR register, the transmitted data flag bit is cleared with
"0". After the transmitted data is sent to the transmission shift register, the transmitted data flag bit is set to
"1", the data transmitted next then becomes writable. At this time, if the transmission interrupt request is
enabled, an interrupt is generated. Write the data transmitted next when a transmission interrupt occurs or
while the transmitted data flag bit is"1".
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13.4.6  Clock Divider Selection Register (UPC)

The clock divider selection register is used to generate the UART reference clock by
dividing the oscillation frequency. It also enables/disables operation of the prescaler for
creating the reference clock.

m Clock Divider Selection Register (UPC)

Figure 13.4-8 Clock Divider Selection Register (UPC)

Address  bit7  bit6  bit5  bit4  bit3 bit2 bitl  bit0 Initial value
oo2ci | — | — | — | — |pren] Pr2 | PR1 | PRo | -—00108

S TTT
I

Clock divider selection bits

Divider

0
)
N
0
Py
[
U
Py
o

Divides the clock by 1.
Divides the clock by 2.
Divides the clock by 2.5.
Divides the clock by 3.
Divides the clock by 4.
Divides the clock by 5.

Do not specify this setting.

R |k |k |P|O|l|O OO
P |k |O |||k |[O]|O
P ||k |O|lFR|O|FL,|O

Do not specify this setting.

R/W : Readable/Writable
— : Unused

PREN UART prescaler operation enable bit
o 0 Disables the prescaler operation.
1 ¢ Initial value 1 Enables the prescaler operation.
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Table 13.4-4 Explanation of Functions of Each Bit in the Clock Divider Selection Register (UPC)

Bit name Description
bit7 . .
to Unused bits e Thevauesread out from these bits are undefined.
bita « Writing valuesinto these bits does not affect any operation.
« Enableg/disables operation of the prescaler that creates the UART reference clock
by dividing the oscillation frequency.
PREN: * Whenthishitis"1", the UART prescaler supplies the reference clock that
bit3 | UART prescaler corresponds to the frequency selected using the oscillation frequency selection bit
operation enable bit to the baud rate generator. When this bit is"0", the prescaler does not operate, thus
theinternal baud rate generator cannot be used for data transfer or data receive
purposes.
btl(t)z (I?‘,E)Zc,kp(;?\}i, dzlfge::l ection | * The UART prescaler suppliesto the internal baud rate generator, the reference
bito | bits clock that corresponds to the divider selected using these bits.

Note:

The inside of UART is initialized when it is in synchronization transfer mode, asynchronous transfer
mode, external clock mode, or internal clock mode with the clock from the prescaler. Therefore, turn on
the PREN bit (PREN = 1) to enable operation of the prescaler before using the UART functions.
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13.4.7  Serial Switch Register (SSEL)

The serial switch register (SSEL) switches the P30/UCK/SCK, P31/UO/SO, and P32/Ul/SI
pins between UART and 8-bit serial I/O.

m Serial Switch Register (SSEL)

Figure 13.4-9 Serial Switch Register (SSEL)

Address bit7  bit6  bit5  bit4 bit3  bit2  bitl bit0 |pitial value
oosen [~ [ [ [ [ [ [soe] 00
R/IW

L SSEL Serial switch bit
0 Sets UART.
1 Sets 8-bit serial 1/0.

R/W : Readable/Writable
— : Unused

[ : Initial value

Table 13.4-5 Description of the Serial Switch Register (SSEL) Bits

Bit name Description
bit7 . .
to Unused bits ¢ Thevalues read out from these bits are undefined.
bitl « Writing values to these bits does not affect any operations.
bit0 SSEL: ¢ Whenthishitis"0", UART isused.
Seria switch bit  Whenthishitis"1", 8-bit seria /O is used.
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Figure 13.4-10 Block Diagram of Serial Switch Register

Internal data bus

...................................

SSEL :
register :
8-bit serial 1/10 UART SSEL bit
& q
O
O Selector
\ /2
O
O Selector

-------------

------------------------

Port 3

<—>| Pin (P30/UCK/SCK) |

]

Pin (P32/UI/SI) |

M

Pin (P3/U0/SO) |
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13.5 Interrupt of UART

UART supports the interrupt-related error flag bit (ORFE), received data flag bit (RDRF),

and transmitted data flag bit (TDRE), and the following interrupt sources:

« When received data is sent from the reception shift register to the serial input data
register (SIDR). (Reception interrupt)

* When transmitted data is sent from the serial output data register (SODR) to the
transmission shift register. (Transmission interrupt)

B Transmission Interrupt

When the SSD register is read and the output data is written into the SODR register, the data written into
the SODR register is transferred to the internal transmission shift register. When next data becomes
writable, the TDRE bit is set to "1", then an interrupt request to the CPU (IRQ5) is generated if the
transmission interrupt is enabled (SSD: TIE = 1).

B Reception Interrupt

® When operating mode is 0, 1, or 3
When data is correctly input up to the stop bit, the RDRF hit is set to "1". If an overrun error or framing
error occurs, the ORFE bit isset to "1".

These bits are set when a stop bit is detected. If the reception interrupt is enabled (SSD: RIE = 1), an
interrupt request to the CPU (IRQ6) is generated.

@® When operating mode is 2

For both RDRF and ORFE, datais received or transmitted with the final data bit (D8) set to "1", these flags
go on when the stop bit at the end is detected. However, when the framing error occurs, the flag goes on
regardless of the final data bit. An interrupt request to the CPU is generated when the flag goes on and the
input data becomes"1".

B UART Interrupt Related Registers and Vector Table Addresses

Table 13.5-1 provides the registers relating to the UART interrupts and vector table addresses. For details
of the interrupt operation, see Section "3.4.2 Stepsin the Interrupt Operation .

Table 13.5-1 UART Interrupt Related Registers and Vector Table Addresses

Interrupt level setting register Vector table address
Interrupt name
Register Bit Upper digits Lower digits
IRQS ILR2 (007Cy) L51 (bit3) L50 (hit2) FFFOy FFF1,
IRQ6 ILR2 (007Cy) L61 (bit5) L60 (bit4) FFEE FFEF,
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13.6

Operations of UART Functions

UART supports four types of operating mode. Mode 0, mode 1, and mode 3 are general
serial transfer mode in which any data length can be selected in the range of 6 bits with
parity used, to 9 bits without parity used. (See Table 13.1-1 .)

B Transferred Data Format

304

UART can handle datain the NRZ (Non Return to Zero) format only. Data to be transferred always begins
with the start bit ("L" level), specified number of data bits are transferred with LSB first, then data transfer
is ended with the stop bit ("H" level). Figure 13.6-1 shows the relationship between the transmit/receive
clock and transferred/received data when operating mode O without parity used, two stop bits, synchronous
transfer mode, and transferred data 010011015 (8 bits) are specified. Note that Figure 13.6-1 does not apply

to the relationship between the seria clock and seria 1/0 signal in asynchronous transfer mode.

Figure 13.6-1 Transferred Data Format

S ipipipipipipipigipigigh

Data to be transmitted/
received

o 1 0 1 1,0 0 1 0 1 1
START LSB MSB STOP STOP




B Theory of Operation for Operating Mode 0, 1, 2, and 3

CHAPTER 13 UART

In operating mode 0, 1, 2, or 3, UART operates as a general serial communication function. Figure 13.6-2

shows the settings required in UART operating mode 0, 1, 2, or 3.

Figure 13.6-2 Operating Mode 0, 1, 2, or 3

bit7 bité bit5 bit4 bit3 bit2 bitl

smc | pen| sBL | mc1i | mco | smpE] — | scke| SoE |

© © * * © ©

skRc | — | — | cr | es1 | cso | rc2 | rRc1 | Reo |

© © © © ©

ssb | rore| orre| TORE| TIE | RE | — [TD8rP|RDSIRP
© © *
SIDR | Stores received data. |
SODR | Writes data to be transmitted. |
DDR3 | | | | | | | |
©

SSEL | | | | | | | | SSEL |
© : Used bit

o : Set"0"

* : For MC1 and MCO, set 00g in mode 0, 01g in mode 1, 10g in mode 2, and 11g in

mode 3.
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13.6.1 Transmission Operations (Operating Mode 0, 1, 2, and 3)

When writing data to be transmitted into the SODR register after reading the SSD
register sends the data written into the SODR register to the transmission shift register,
parallel-serial conversion then starts. The data converted is output at the serial data
output pin from the lowest bit in sequence (with LSB first). When the next data becomes
writable, "1" is set to the TDRE bit, then an interrupt request to the CPU is generated if
the transmission interrupt is allowed (SSD: TIE = 1).

B Transmission Operations in Operating Mode is 0, 1, 2, or 3
Figure 13.6-3 shows the transmission operations when operating mode is 1, parity is not used, and the
number of stop bitsis"1".

Figure 13.6-3 Transmission Operations in Operating Mode 0, 1, 2, or 3

SSD read

SODR write
(interrupt processing
routine)

Transmission buffer full

TDRE

Transmission interrupt

N
|

Sent to the transmission shift register Sent to the transmission shift register

N\ A

START 0 | 1 2 | 3 4 5 6 | 7 | STOP START

Data transmitted

J
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Reception Operations (Operating Mode O, 1, or 3)

When data is received at the serial data input pin, the internal reception shift register
converts it from serial to parallel. If the data is correctly transmitted up to the stop
bit(s), data in the internal shift register is transferred to the SIDR register, then "1" is set
to the RDRF bit.

B Reception Operations (Operating Mode 0, 1, or 3)

If an overrun error or framing error occurs, the received datais not transmitted to the SIDR register, but the
ORFE bit isset to "1".

Either of the RDRF bit and ORFE hit goes on when the final stop bit is detected after datais fully received.
If the reception interrupt is enabled (SSD: RIE = 1), an interrupt request to the CPU (IRQ6) is generated.
When the RDRF bit goes on, the received data has been transmitted to the SIDR register.

In operating mode 2, when the RIE bit is "1", RDRF bit or ORFE bit is "1", and reception interrupt pin is
"1", the mode 2 UART reception interrupt request is output to the CPU.

Note:

In operating mode 1, the parity bit is read as data in the 7th bit. Set up the program so that the 7th bit is
not read.

Figure 13.6-4 , Figure 13.6-5, and Figure 13.6-6 show the reception operations when parity is not used and
the number of stop bitsis"1" in operating mode O, 1, or 3.

Figure 13.6-4 Reception Operations in Operating Mode 0, 1, or 3

Data

RDRF

Reception
interrupt

TN A X X X XXX XY

START! O 1 2 3 4 5 6 7 STOP
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Figure 13.6-5 Operations in Operating Mode 0, 1, or 3 when the Overrun Error Occurs

Data _\

. & @ & . & O & ¢

START 0 1 2 3 4 5 6 7 | sToP

RDRF=1
(reception buffer full)

ORFE |

Reception interrupt

Figure 13.6-6 Operations in Operating Mode 0, 1, or 3 when the Framing Error Occurs

Data _\

A XXX KK AN

START O 1 2 3 4 5 6 7 iSTOP

RDRF=0

ORFE |

Reception interrupt I

Note:

After initialization is cancelled due to areset, time for 11 shift-clock cycles is required to initialize the
internal controller. Therefore, be sure to enable the UART prescaler operation (PREN = 1) using the

oscillation frequency register after areset.
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13.6.3  Reception Operations (Operating Mode 2 Only)

When data is received at the serial data input pin, the internal reception shift register
converts it from serial to parallel. If the data is correctly transmitted up to the stop
bit(s), data in the internal shift register is transferred to the SIDR register, then "1" is set
to the RDRF bit.

B Reception Operations (Operating Mode 2 Only)
If an overrun error or framing error occurs, the received datais not transmitted to the SIDR register, but the
ORFE bit isset to "1".
For both RDRF and ORFE, data is fully received/transmitted with the final data bit (D8) set to "1", these
flags go on when the stop hit at the end is detected. However, when the framing error occurs, the flag goes
on regardless of the final data bit. An interrupt request to the CPU is generated when the flag goes on and
interrupt request is enabled.
If the reception interrupt is enabled (SSD: RIE = 1), an interrupt request to the CPU (IRQ5) is generated.
When the RDRF bit goes on, the received data is transmitted to the SIDR register.
Figure 13.6-7 to Figure 13.6-9 show the reception operations when parity is not used and the number of
stop bitsis"1" in operating mode 2.

Figure 13.6-7 Reception Operations in Operating Mode 2

Data N\ < >< >< X >/

5 6 7 8 | STOP
RDRF I
Reception |
interrupt

Figure 13.6-8 Operations in Operating Mode 2 when the Overrun Error Occurs

Paia N & & . & & O O . ¢

START; O 1 2 3 4 5 6 7 8 [STOP

RDRF=1
(reception buffer full)

ORFE |

Reception interrupt I
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Figure 13.6-9 Operations in Operating Mode 2 when the Framing Error Occurs

Data

RDRF=0

ORFE

Reception
interrupt

NI @D @ & @ & @ & @ & N

START, O 1 2 3 4 5 6 7 8 STOP
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After initidization is cancelled due to areset, time for 11 shift-clock cycles is required to initialize the
internal controller. Therefore, be sure to enable the UART prescaler operation (PREN = 1) using the
oscillation frequency register after areset.
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13.7  Program Example for UART

This section provides program example for UART.

m Program Example for UART

@® Program specifications

Serial datatransfer isimplemented using the UART communication functions.
The P30/UCK/SCK, P31/UO/SO, and P32/UI/SI pins are used for communication.
Thetransfer rateis set to 300 bps using the internal baud rate generator.

13y istransmitted from the UO pin, and data is received by interrupts.

The baud rate is the oscillation frequency (Fcy = 12.5 MHz) at the maximum gear speed (1 instruction
cycle = 4/Fcy). The clock divider is 2.5. (1/375 bps = 8320 t;ys7)

® Coding example

PDR3 EQU
DDR3 EQU
SSEL  EQU
SMC  EQU
SRC  EQU
SSD  EQU
SDR  EQU
SODR EQU
UPC  EQU
ILR2  EQU
INT.V DSEG
ORG
IRQ6  DW
IRQ5  DW
INT.V ENDS
CSEG
CLRI
MOV
MOV
MOV
MOV
MOV

Main program:

000CH
0O0ODH
003BH
0028H
0029H
002AH
002BH
002BH
002CH
007CH
ABS
OFFEEH
WARI2
WARI1

Port data register address

Port direction register address

Seria selection register address
Serial mode control register address
Serial rate control register address
Seria status and data register address
Serial input data register address
Seria output dataregister address
Clock divider selection register address
Interrupt level setting register address
[DATA SEGMENT)]

Reception interrupt vector setting
Transmission interrupt vector setting

ILR2,#11101011B
UPC,#11111010B

SSEL ,#00000000B

DDR3,#00000000B ;

SMC,#01011011B

’

[CODE SEGMENT]
The stack pointer (SP) and related components have to be
initialized.

Disable interrupts.
Set aninterrupt level (level 1).

; Allow operation with the clock whose frequency is divided

by 2.5.

; Select UART.

Set the Ul pin asthe input pin.

; Set non-parity, the number of stop bits 1, and operating
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----------- Interrupt processing routine

mode 1. Set asynchronous mode, enable clock output
and serial data output.

MOV  SRC#00011101B ; Select the dedicated baud rate generator, and set the baud
rate 375 bps.

MOV  SSD,#00001000B ; Disable the transmission interrupt request and enable the
reception interrupt request.

MOV  A,SSD ; Required before transmission

(TDRE = 1 enables transmission)
MOV  A,SIDR ; Clear error flags.
MOV  SODR,#13H ; Writethe data to be transmitted (13y).

SETI ;. Enableinstruction.

PUSHW A ; SaveAandT.

XCHW AT

PUSHW A

MOV  A,SSD ;  Read the data to be transmitted, then clears the input data
flag.

MOV  A,SIDR
User-defined process

POPW A ; RestoreAandT.
XCHW AT

POPW A

RETI

ENDS

END
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8-BIT SERIAL I/O

This chapter describes the functions and operation of
the 8-bit serial 1/0.

14.1 Overview of 8-Bit Serial I/0

14.2 Configuration of 8-Bit Serial I/O

14.3 Pins of 8-Bit Serial /0

14.4 Registers of 8-Bit Serial I/0

14.5 Interrupt of 8-Bit Serial 1/10

14.6 Operations of Serial Output Functions
14.7 Operations of Serial Input Functions
14.8 8-Bit Serial I/O Operation in Each Mode
14.9 Notes on Using 8-Bit Serial I/0

14.10 Example of 8-Bit Serial /O Connection
14.11 Program Example for 8-Bit Serial 1/0
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14.1 Overview of 8-Bit Serial 1/0

The 8-bit serial I/O has a function that serially transfers 8-bit data in synchronization
with a shift clock. It can select one shift clock from three internal shift clocks and one
external shift clock. It can also select LSB first or MSB first as the data shift direction.

m Serial /O Function
The 8-bit serial 1/0 function serially inputs and outputs 8-bit data in synchronization with a shift clock.

e Converts 8-bit parallel data to 8-bit serial data and outputs it. Also inputs 8-bit serial data, converts the
datato 8-bit paralel data, and storesit.

* Can select one shift clock from three internal shift clocks and one external shift clock.
e Can control shift clock input/output and output internal shift clocks.
e Canseect LSB first or MSB first as the data shift direction.

Table 14.1-1 Shift Clock Cycle and Transfer Rate

Transfer rate

Shift clock Clock cycle Frequency (Hz) (Fen=12.5MHz, At maximum speed®)
2t ST 1/ (2t;nsT) 1562.5 kbps
'”te”‘(":‘)'uf';iljtt)c' Ock 8t st 1 8tns7) 390.6 kbps
32t st 1/ (32tns7) 97.66 kbps
External shift clock 2t nsT Or lower 1/(2t;ysT) Or lower DC to 1562.5 kbps

(input)

Fcy : Oscillation frequency
tynst: Instruction cycle

* - When the highest speed clock of a general mode is selected with the system clock control register (SY CC)
(CS1 and CS0 hitsof SYCC = 11g, 1 instruction cycle = 4/Fcp)

m Serial Function Switching

The 8-hit serial 1/0 and UART cannot be used simultaneously because they use the same pin. For this
reason, the serial function switching circuit must be used to switch the 8-bit seria 1/0O and UART. For more
information on the serial function switching circuit, see Section "13.4.7 Serial Switch Register (SSEL) ".

Selecting the 8-bit serial 1/0 with this serial function switching circuit enables P30/UCK/SCK to be used as
the serial clock I/0 pin (SCK) of the serial 1/0, and P31/UO/SO to be used as the data output pin (SO). This
selection also enables P32/UI/SI to be used as the data input pin (SI).

Note:

This chapter describes pin function switching and the register function, etc., on the assumption that the 8-
bit seria 1/0 is selected with the serial function switching circuit.
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Configuration of 8-Bit Serial I/0

CHAPTER 14 8-BIT SERIAL I/O

Each 8-bit serial I/0O channel consists of the following four blocks:
Shift clock control circuit

Shift clock counter

Serial data register (SDR)
Serial mode register (SMR)

Block Diagram of 8-bit Serial I/O

Figure 14.2-1 Block Diagram of 8-bit Serial 1/0

Internal data bus
Transfer direction =
DOto D7 selection D7to DO
MSB first ‘|' LSB first
~__
P32/Uiis! (Shift direction)
Pin NN D7 to DO
Serial data register (SDR) sSST
BDS
Output buffer
P31/QO/SO /I CKSO
Pin N CKS1
T Output
Output allowance SOE
allowance
7 SCKE
Shift clock selection é SIOE
2t|NsT SIOF
8t\nsT . Serial mode register (SMR)
32t|NsT Shift clock control circuit e
(0]
>
O
P30/UCK/SCK Interrupt request
Pin IRQC
Output buffer Clear
Shift clock counter |
t\vsT . Instruction cycle
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@® Shift clock control circuit

As a shift clock of the shift clock control circuit, one of three internal clocks and one external clock is
selected.

Selecting an internal clock enables the shift clock to be output to the SCK pin. Selecting an external clock
enables the clock to be input from the SCK pin to act as the shift clock. The shift clock control circuit shifts
the SDR in accordance with this shift clock and outputs the shifted-out value to the SO pin. It aso captures
the datainput from the Sl pin while shifting it to the SDR.

@ Shift clock counter

The shift clock counter counts the number of times the SDR was shifted using the shift clock. When 8-bit
shift is completed, the counter overflows.

When the counter overflows, the serial 1/O transfer start bit of the SMR (SST = 0) is cleared and the
interrupt request flag bit (SIOF = 1) is set. When serial transfer stops (SST = 0), the counter stops its count.
It is cleared when serial transfer is started (SST = 1).

@ Serial data register (SDR)

The SDR retains transfer data. The data written to the SDR is converted to seria data and output. Serial
input is converted to parallel data and stored.

@® Serial mode register (SMR)

The SMR is a seria /0O control register. It is used to alow and prohibit serial 1/O operation, select shift
clocks, and set atransfer (shift) direction. It is also used to control interrupts and check interrupt states.

@ 8-bit serial I/O interrupt

¢ IRQC: If the interrupt request output is allowed (SMR: SIOE = 1) when the I/O function of the 8-hit
serial 1/0 inputs or outputs 8-bit serial data, ainterrupt request (IRQC) is generated.
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14.3 Pins of 8-Bit Serial I/0

8-bit serial I/0 pins include P32/Ul/SI, P31/UO/SO, and P30/UCK/SCK pins.

B Pins of 8-bit Serial 1/0

® P32/Ul/SI pin
The P32/UI/SI pin functions as the genera-purpose 1/0 port (P32). It aso functions as the serial datainput
pin (SI) of the 8-bit serial 1/0 or asthe serial datainput pin (Ul) of the UART.

When using the P32/SI pin as the Sl pin, set the P32/UI/SI pin to "input port" with the port direction
register (DDR3: bit2 = 0).

® P31/UO/SO pin
The P31/UO/SO pin functions as the general-purpose 1/0 port (P31). It aso functions as the serial data
output pin (SO) function of the 8-bit seria /O or asthe serial data output pin (UO) function of the UART.

When the serial data output is allowed (SMR: SOE = 1), the P31/UO/SO pin automatically becomes an
output pin irrespective of the values in the port direction register (bitl of DDR3) and functions as the SO
pin.

@® P30/UCK/SCK pin
The P30/UCK/SCK pin functions as the general-purpose 1/O port (P30). It also functions as the shift clock
1/0 pin (SCK) of the 8-hit serial 1/0 or as the shift clock 1/0 pin (UCK) of the UART.
When using the P30/UCK/SCK pin asthe shift clock input pin

When using the SCK pin as the shift clock input pin, set it to "input port" with the port direction register
(DDR3: hit3 = 0) and prohibit shift clock output (SMR: SCKE = 0). In this case, be sure to select the
external shift clock (SMR: CKS1, CKSO = 11p).

When using the P30/UCK/SCK pin asthe shift clock output pin

When the shift clock output is allowed (SMR: SCKE = 1), the P30/UCK/SCK pin automatically becomes
an output pin irrespective of the values in the port direction register (DDRS3: bit0) and functions as the
SCK output pin. In this case, be sure to select an internal shift clock (when SMR: CKS1, CKS0 are not
11R).
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m Block Diagram for 8-bit Serial 1/0 Pins

Figure 14.3-1 Block Diagram for 8-bit Serial 1/0 Pins

PDR i s ( |' _ C:I P32/UI/SI
s e '
N ______________________ S T B S S
PDR read 'Resource output | Stop mode (SPL = 1)
i : Pull-up resistor
A ! RetSOlgrce <):| Resource
| outpu output
N enable | avallable |
PDR read ! ! |
(At read-modify-write) ' Kc '
()] : |
> ! 1 PCh
ﬁ % Output latch : 0 | _Do__|
S 1 i |
3 PDR write S N Pin
g
8 S P30/UCK/SCK
E %% DDR 9 D[ Neh P31/U0/SO
. P32/UI/SI
DDR write Stop mode
(SPL=1)
PUL Iread
% PUL
PUL write
Note:

When "pull-up resistor available" is selected in the pull-up setting register, the pin state in stop mode
(SPL = 1) becomes high (pull-up state), not Hi-Z. During the reset, however, pull-up becomes invalid
and the pin state becomes Hi-Z.
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14.4  Registers of 8-Bit Serial 1/0

Figure 14.4-1 shows 8-bit serial I/O registers.

B Registers of 8-bit Serial I/O

Figure 14.4-1 8-bit Serial I/O Registers

SMR (serial mode register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
0039y | sioF | sioe | scke| soe | cksi| ckso| BDs | ssT | 000000008
RW RW RW RW RW RW RW RW

SDR (serial data register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
003A4 | | | | | Xxxxooxxxe
R/W R/W R/W R/W R/W R/W R/W R/W

R/W : Readable and Writable
X : Undefined

Note:
When using a bit manipulation instruction, make sure that the SST bit is"0".
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14.4.1  Serial Mode Register (SMR)

The serial mode register (SMR) is used to allow and prohibit 8-bit serial I/O operation,
select a shift clock, set a transfer direction, control interrupts, and check interrupt
states.

B Serial Mode Register (SMR)

Figure 14.4-2 Serial Mode Register (SMR)

Address bit7  bit6 bit5  bit4  bit3 bit2  bitl  bit0  Initial value
00394 [ SIOF [ SIOE [scKE] soE [cKs1[ckso] BDS [ SST | 000000008
RW RMW RW RW RW RW RW R/W

"

L Serial I/0 transfer start bit
SST
At read At write

o | Serial 110 transfer is stopped. Sreorri]ai\tl)ilt/gj.transfer is stopped or

1 |Serial I/O transfer is in progress.| Serial I/O transfer is started or allowed.

—>( BDS Transfer direction selection bit

0 | LSB first (serial I/O transfer starts at the lowest bit.)
1 | MSB first (serial I/O transfer starts at the highest bit.)

CKS1|CKSO0 Shift clock selection bits SCK pin
0 0 2 tinsT Output
0 1 Internal shift clock 8 tinsT Output
1 0 32 tinsT Output
1 1 External shift clock Input

tinsT: Instruction cycle

SOE Serial data output allowance bit
0 | P31/UO/SO is used as a general-purpose port (P31).

1 | P31/UO/SO is used as a serial data output pin.

SCKE Shift clock output allowance bit

o |P30/UCK/SCK is used as a general-purpose port (P30) or the shift
clock input pin (SCK).

1 |P30/UCK/SCK is used as the shift clock output pin.

SIOE Interrupt request allowance bit
0 | Interrupt request output is prohibited.
1 Interrupt request output is allowed.

Interrupt request flag bit

SIOF :
At read At write
0 %?%?Lgtae%s_fer has not This bit is cleared.

1 |Serial transfer has already | Remains unchanged. This bit does not
terminated. affect other bits.

R/W : Readable and Writable
[ : Initial value
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Explanation of Functions of Each Bit in Serial Mode Register (SMR) (1/2)

Bit name

Function

bit7

SIOF:
Interrupt request flag bit

* When 8-hit serial dataisinput or output during serial 1/0O operation, this
bit isset to "1". When this bit and the interrupt request allowance bit
(SIOE) are"1", an interrupt request is output.

e Setting this bit to "0" clearsit, while setting it to "1" does not affect this
bit or implement any changes.

bit6

SIOE:
Interrupt request
alowance bit

This bit is used to allow and prohibit interrupt request output to the CPU.
When this bit and the interrupt request allowance bit (SIOF) are 1", an
interrupt request is output.

bit5

SCKE:
Shift clock output
alowance bit

e Thishit isused to control shift clock 1/O.
¢ When thishitis"0", the P30/UCK/SCK pin functions as the shift clock
input pin. When "1", it functions as the shift clock output pin.
Notes:
 To use the P30/UCK/SCK pin as the shift clock input pin, it must be set
as an input port. Also select the external shift clock with the shift clock
selection bits (Set the CKS1 and CK SO bitsto 11g).

« For shift clock output (SCKE bit = 1), select an internal shift clock (do

not set the CKS1 and CKSO bitsto 11g).
Notes:

» When shift clock output is allowed (when this bit is"1"), the P30/UCK/
SCK pin functions as the UCK/SCK output pin irrespective of the
general-purpose port (P30) state.

» When using the P30/UCK/SCK pin as a general-purpose port (P30), set
its pin as the shift clock input pin (set this bit to "0").

bit4

SOE:
Serial data output
alowance bit

When this bit is"0" the P31/UO/SO pin functions as a general -purpose port
(P31). When "1", the P31/UO/SO pin functions as the serial data output pin
(UOISO).
Note:
When serial data output is allowed (when thishit isset to "1"), the P31/
UO/SO pin functions as the UO/SO pin irrespective of the general-
purpose port (P31) state.

bit3,
bit2

CKS1, CKS0:
Shift clock selection bits

* These bits are used to select three internal shift clocks or one external
shift clock.
* When these bits are not 115, an internal shift clock is selected. When the

shift clock output allowance bit (SCKE) is"1", a shift clock is output
from the UCK/SCK pin.

*  When these bits are 115, the external clock is selected. When the P30/
UCK/SCK pinis set as the shift clock input pin, ashift clock isinput
from the UCK/SCK pin (when the SCKE bit and hitO of the DDR3 are
"oM).
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Table 14.4-1 Explanation of Functions of Each Bit in Serial Mode Register (SMR) (2/2)

Bit name

Function

bitl

BDS:
Transfer direction
selection bit

This bit is used to select whether to transfer serial data, starting at the lowest
bit (LSB first, BDS = 0) or the highest bit (MSB first, BDS = 1). When this
bitissetto"0", seria dataistransferred, starting at the lowest bit. When itis
setto 1", seria dataistransferred, starting at the highest bit.
Note:
If thisbit is rewritten after serial data has been written to the SDR to
replace higher datawith lower data, the data in the SDR becomesinvalid.

bit0

SST:
Serid /O transfer start bit

e Thisbit isused to control seria 1/0 transfer start and allowance. It can
also be used to judge whether serial 1/O transfer terminated.

o If thishitisset to"1" when the internal shift clock is selected (when the
CKS1 and CK SO bits are not 11g), the shift clock counter is cleared and
serial 1/0 transfer is started.

e If thishitisset to"1" when the external shift clock is selected (when the
CKS1 and CKSO bits are 11g), seria 1/0O transfer is alowed and the shift
clock counter is cleared. The transfer side enters the external shift clock
input wait state.

e When seria 1/0 transfer terminates, thisbit is set (cleared) to "0" and the
SIOF bitissetto"1".

e |f thishitisset to"0" during serial 1/O transfer (SST = 1), seria 1/0
transfer is suspended.

When serial 1/0 transfer is suspended, it is necessary to reset the SDR of
the data output side and restart data input side transfer (clear the shift
clock counter).
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14.4.2  Serial Data Register (SDR)

The serial data register (SDR) retains 8-bit serial 1/0 transfer data. The SDR functions as
a transmission data register at serial output operation. It functions as a reception data
register at serial input operation.

m Serial Data Register (SDR)
Figure 14.4-3 shows the hit structure of the SDR.

Figure 14.4-3 Serial Data Register (SDR)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
003AH XXXXXXXXB

R/W R/W R/W R/W R/W R/W R/W R/W

R/W : Readable and Writable
X : Undefined

@ At serial output operation

The SDR functions as a transmission data register at serial output operation. When serial 1/0 transfer is
started (SMR: SST = 1), the 8-bit serial data written to the SDR is transferred. Transmission data does not
remain in the SDR because it is shifted out via serial 1/0 transfer.

@ At serial input operation

The SDR functions as a reception data register. When seria /O transfer is started (SMR: SST = 1), the
serially transferred reception datais stored in the SDR.

® When the serial I/O is in transfer operation

When the serial 1/O is in transfer operation, do not write data to the SDR. Moreover, note that the read
values have no significance.

When serial output and serial input are allowed at the same time, serial 1/O operation is performed.
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14.5

Interrupt of 8-Bit Serial 1/O

An 8-bit serial I/O interrupt is caused by completion of 8-bit serial data I/O.

B Interrupt at Serial I/O Operation

In the 8-bit serial 1/0, serial output operation and serial input operation are performed at the same time.
When serial 1/O transfer is started, the values in the serial data register (SDR) are input and output on a per
bit basis in synchronization with the set shift clock cycle. When the shift clock of the 8th bit rises, the
interrupt request flag bit (SMR: SIOF) isset to "1".

In this case, when the interrupt request output allowance bit is allowed (SMR: SIOE = 1), the interrupt
request (IRQC) for CPU interrupt occurs.

Write "0" to the SIOF bit with the interrupt processing routine and clear the interrupt request. When 8-bit
serial output is completed, the SIOF hit is set irrespective of the SIOE bit value.

If seria 1/0O transfer stop (SMR: SST = 0) and serial data transfer termination take place at the same time
during seria 1/O operation, the interrupt request flag bit (SMR: SIOF = 1). If the SIOE bit is alowed (0 —
1), however, the interrupt request occurs immediately.

m 8-bit Serial I/O Interrupt Register and Vector Table

Table 14.5-1 8-bit Serial I/O Interrupt Register and Vector Table

Interrupt level setting register Vector table address
Interrupt name
Register Setting bit Higher Lower
ILR4 (007E) LC1 (bit1) LCO (bit0) FFE2, FFE3,
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14.6  Operations of Serial Output Functions
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In the 8-bit serial 1/0, 8-bit serial output operation synchronized with a shift clock is

possible.

m Serial Output Operation

Serial output operation is divided into serial output operation using an internal shift clock and serial output
operation by using the external shift clock. When serial 1/0O operation is allowed, serial dataisinput in the
SDR and, at the same time, the contents of the SDR are output to the serial data output pin (SO).

@ Serial output operation via internal shift clock

Seria output operation using the internal shift clock requires the settings shown in Figure 14.6-1 .

Figure 14.6-1 Settings Required for Serial Output Operation using Internal Shift Clock

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
sMR | sioF | sioe | scke| soe | cksi| ckso| BDs | ssT |
© © ! ! Other than 11 © L
SDR | Transmission data setting |
sset | — | — | — [ = [ = | = | = [sse]
1
© : Used bit
1 : Set"1"

When serial output operation is started, the contents of the SDR are output to the SO pin in synchronization
with the falling edge of the selected internal shift clock. In this case, the transfer destination (serial input

side) must bein the external shift clock input wait state.
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@ Serial output operation using external shift clock

Serial output operation with the external shift clock requires the settings shown in Figure 14.6-2 .

Figure 14.6-2 Settings Required for Serial Output Operation using External Shift Clock

bit7 bite  bits  bitd bit3 bit2 bit1 bito
sMR | sioF | sioe | scke| soe | cksi| ckso| BDs | ssT |
© 0 1 1 1 © 1
SDR | Transmission data setting |
pors [ | | | | | | ]
X X X X X X X 0
sset | — [ — [~ | — [ — [ — | — [sse]
1
© : Used bit
X 1 Unused bit
0 : Set"0"
1 : Set"1"

When serial output operation is alowed, the contents of the SDR are output to the SO pin in synchronization
with the falling edge of the external shift clock. When seria operation is completed, immediately reset the SDR,
st it again, then dlow seria output operation (SMR: SST = 1) to prepare for the output of the next data.

When the remote serial input operation (rising edge) is completed and the 8-bit serial 1/0 enters the idle
state (state in which it waits for the output of the next data), set the external shift clock to a high level.

Figure 14.6-3 shows 8-hit serial output operation.

Figure 14.6-3 8-bit Serial Output Operation

For LSB first
bit7 bit6é bit5 bit4 bit3 bit2 bitl bit0 SO pin

SDR |#7|#6|#5|#4|#3|#2|#1|#0|ﬁ:_|

|%X#OX#lX#ZX#SX#4X#5X#6X#7
Shift clock

0 1 2 3 4 5 6 7

Serial output data

SIOF bit

Transfer start Interrupt request

SST bit J

Automatic clear at transfer end

B Operation at Serial Output Completion
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14.7  Operations of Serial Input Functions

In the 8-bit serial 1/0, 8-bit serial input operation synchronized with a shift clock is
possible.

m Serial Input Operation

Seria input operation is divided into serial input operation with an internal shift clock and serial input
operation with an external shift clock. When seria /O operation is alowed, serial dataisinput in the SDR
and, at the same time, the contents of the SDR are output to the serial data output pin (SO).

@ Serial input operation using internal shift clock

Seria input operation with the internal shift clock requires the settings shown in Figure 14.7-1 .

Figure 14.7-1 Settings Required for Serial Input Operation using Internal Shift Clock

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
sMR | siofF | sioE | scke| soE | cksi| ckso| Bbs | sst |
- J
© © ! 8 Other than 11 © !
SDR | Reception data storage |
DDR3 | | | | | | | | |
X X X X X 0 X X
SSEL | | | | | | | | sseL |
1
© : Used bit 0 : Set"0"
X 1 Unused bit 1: Set"1"

When serial input operation is started, the value of the serial datainput pin (Sl) is captured and held in the
SDR in synchronization with the rising edge of the selected internal shift clock. In this case, the SDR of the
transfer destination (serial output side) must already be set and the transfer destination must be in the
external shift clock input wait state.
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@ Serial input operation using external shift clock

Serial input operation with the external shift clock requires the settings shown in Figure 14.7-2 .

Figure 14.7-2 Settings Required for Serial Input Operation using External Shift Clock

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
SMR | sioF | sioE | scke| soE | cksi| ckso| BDs | ssT |
© © 0 X 1 1 © 1
SDR | Reception data storage
oors [ | | | | | | |
X X X X X 0 X 0
sseb | — | — [ — | — [ — ] — | — [sse]
1
© : Used bit 0 : Set"0"
X 1 Unused bit 1 : Set"1"

When seria input operation is alowed, the value of the Sl pin is captured and held in the SDR in
synchronization with the rising edge of the externa shift clock. When serial input is completed,
immediately read the SDR and allow serial input operation (SMR: SST = 1) to prepare for the input of the
next data. In this case, when the 8-bit serial 1/O isidle (state in which it is waiting for the output of the next

data), keep the external shift clock at a"H" level.
Figure 14.7-3 shows 8-bit serial input operation.

Figure 14.7-3 8-bit Serial Input Operation

For MSB first
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

Sl pin

J

sbR | #7 | #6 | w5 | #wa | w3 | w2 | 11 | #0 |<— :Ie‘
Serial input data I—X #7 X #6 X #5 X #4 X #3 X #2 X #1 X #0
Shift clock | /I\ | /I\ | /I\ | ’I‘ l ’I‘ | ’I‘ | ’I‘ | /' Clear via program
0 1 2 3 4 5 6 7
SIOF bit
Transfer start Interrupt request
SST bit

Automatic clear at transfer end

B Operation at Serial Input Completion

At the rising edge of the shift clock for the serial data of the 8th bit, the interrupt request flag bit (SMR:

SIOF) isset to "1" and the serial /O start bit (SMR: SST) is set (cleared) to "0".
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14.8  8-Bit Serial I1/0 Operation in Each Mode

This section describes the operation of the 8-bit serial I/O if the 8-bit serial I/O switches
to sleep or stop mode or a stop request is issued when it is in operation.

B When the Internal Shift Clock is Used

@ 8-bit serial /0 operation in sleep mode

In sleep mode, as shown in Figure 14.8-1 , the 8-bit seria 1/0 continues data transfer without stopping the
serial 1/O operation.

Figure 14.8-1 8-bit Serial I/O Operation in Sleep Mode (Internal Shift Clock)

B VA 2 I 2 o A I 2 e
SST bit |

Clear via program
SIOF bit

Interrupt request
SO pin output >< #0 >< #1 >< #2 >< #3 >< #4 >< #5 >< #6 >< #7
Sleep mode

SLP bit _—7]
(STBC register) Sleep mode release via IRQC

@ 38-bit serial I/O operation in stop mode

In stop mode, as shown in Figure 14.8-2 , the 8-bit seria 1/0 stops the serial 1/O operation and suspends
data transfer. After stop mode has been released, reinitialize the 8-bit serial 1/0 because operation is

resumed halfway.
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Figure 14.8-2 8-bit Serial I/O Operation in Stop Mode (Internal Shift Clock)

B A [ VA 2 o e 2 O /N

SST bit J Oscillation stabilizati
wait time Clear via program
Stop mode request
SIOF bit [
Interrupt request

s X 10 X X2 X X X5 X X

Stop mode
STP bit /

(STBC register) ) -
Stop mode release via external interrupt

@ 38-bit serial I/O operation at issuance of stop request during operation

Asshown in Figure 14.8-3 , if operation is stopped (SMR: SST = 0) during data transfer, the 8-hit serial 1/0
stops data transfer and clears the shift clock counter. For this reason, the transfer destination must also be
initialized. If serial output isin operation, set the SDR again before restarting the 8-bit serial 1/0.

Figure 14.8-3 8-bit Serial I/O Operation at Issuance of Stop Request during Operation(Internal Shift Clock)

SCK output 1 _| _I _I

SST bit J . ﬂ
Operation stop q
i Restart

SIOF bit . SDR register resetting

somans XXX XXX XXX
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B When the External Shift Clock is Used

@ 8-bit serial I/O operation in sleep mode

In sleep mode, as shown in Figure 14.8-4 , the 8-bit seria 1/O continues data transfer without stopping the
serial 1/0 operation.

Figure 14.8-4 8-bit Serial I/O Operation in Sleep Mode (External Shift Clock)

—> Clock for the next data

SCK input ju V| _’_\ILI_LI 7 72 /2

J Transfer stop state
SST bit g

Clear via program

SIOF bit
™~ Interrupt request
N XXX X XXX
SO pin output
Sleep mode
STP bit P
(STBC register) Sleep mode release via IRQC

@ 38-bit serial I/O operation in stop mode

In stop mode, as shown in Figure 14.8-5 , the 8-bit seria 1/O stops the seria 1/0 operation and suspends
data transfer. After stop mode has been released, a transfer destination error occurs because operation is
resumed halfway. In this case, initiaize the 8-bit seria 1/0.

Figure 14.8-5 8-bit Serial I/O Operation in Stop Mode (External Shift Clock)

) —> Clock for the next data
T T T
3 : =, 3
SST bit J #6 #7 Os_cill_atioh stabilizétionl
i wait time : Clear via
Stop mode request i program
SIOF bit §
: : Interrupt
: : request
SO pin output >< #0 >< #1 >< #2 >< #3 >< #4 X #5 #6 #7
Stop mode
Transfer error occurrence
STP bit /
(STBC register) Stop mode release via external interrupt
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@ 8-bit serial /0 operation at issuance of stop request during operation

Asshown in Figure 14.8-6 , if operation is stopped (SMR: SST = 0) during data transfer, the 8-bit serial 1/0
stops data transfer and clears the shift clock counter. For this reason, the transfer destination must also be
initialized. If serial output is in operation, set the SDR again before restarting the 8-bit seria 1/0. In this
case, when the external clock isinput, the SO pin output changes.

Figure 14.8-6 8-bit Serial I/O Operation at Issuance of Stop Request during Operation
(External Shift Clock)

SCK input ——> Clock for the next data
ssThit  _| A #e  #7 I\
(0] ti i N
pera} ion stop ’|\ | ostart
. i SDR register resetting
SIOF bit ; ;
SO pin output >< #0 >< #1 >< #2 >< #3 >< #4 X #5 X #0 >< #1 ><
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Notes on Using 8-Bit Serial I1/O

This section provides notes on using the 8-bit serial I/0.

m Notes on Using 8-bit Serial I/0

@® Error at serial transfer start

The time at which serial /O transfer is started with a seria transfer program (SMR: SST = 1) is
asynchronous with the time when the falling edge (output) or rising (input) edge of a shift clock occurs. For
this reason, the time that lasts until the first serial data is input or output is delayed by a maximum of one
cycle of the set shift clock.

@® Malfunction due to noise

If external noise causes an extra pulse (pulse exceeding the hysteresis width) to be placed on a shift clock
during serial datatransfer, the 8-bit serial 1/O may malfunction.

® Notes on setting via program

Write data to the serial mode register (SMR) and serial data register (SDR) only when the 8-bit serial |/
O is stopped (SMR: SST = 0).

When starting or allowing seria 1/0 transfer (SMR: SST=1), do not change other bits of the SMR.

If MSB first is set when a shift clock is used in external shift clock input, the highest bit level is output
as the SO pin output level. If LSB first is set, the lowest bit level is output as the SO pin output level.

MSB first and LSB first are set when the external shift clock is input. In this case, however, serial data
output must be allowed (SMR: SOE = 1) even if serial /O transfer is stopped (SMR: SST = 0).

If serial /O transfer stop (SMR: SST = 0) and serid data transfer termination take place at the same
time during serial 1/0 operation, the interrupt request flag bit (SMR: SIOF) isnot set to "1".

If the SIOF hit is set to "1" and the interrupt request output allowance hit is enabled (SMR: SIOE = 1),
control cannot return from interrupt processing. Be sure to clear the SIOF bhit.

@ Shift clock idle state

The external shift clock must maintain the "H" level during the wait time between one 8-bit data transfer
and another (idle state). When the internal shift clock is selected (SMR: CKS1, CKS0 = not 11g) and the

P30/UCK/SCK pin is used as the shift clock output pin (SMR: SCKE = 1), datais output at the "H" level in
theidle state.

Figure 14.9-1 shows the shift clock idle state.

Figure 14.9-1 Shift Clock Idle State

External
shift
clock

Idle state 8-bit data transfer Idle state 8-bit data transfer Idle state
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14.10 Example of 8-Bit Serial I/O Connection

This section provides an example of mutual connection between 8-bit serial I/Os of
MB89202/F202RA series for bidirectional serial 1/0 operation.

m When Bidirectional Serial I/O Operation is Performed

Figure 14.10-1 Example of 8-bit Serial I/O Connection (Interface between MB89202/F202RA Series)

SO Sl
SIO-A  SI SO s|0-B
Output Input
SCK SCK
puEpSpipEpEpipipiy
Internal shift clock e External shift clock
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Figure 14.10-2 Bidirectional Serial I/O Operation

SIO-A

Stop SIO-A operation
(SST=0)

!

Set Sl pin to serial data
input (input port)

!

- Set SCK pin to shift clock
output

Set SO pin to serial data
output

Select internal shift clock

Set data transfer (shift
clock) direction

SIO-B

Stop SIO-B operation
(SST=0)

|

Set Sl pin to serial data
input (input port)

|

Set SCK pin to shift clock
input

Set SO pin to serial data
output

Select external shift clock

Select same data transfer
(shift) direction as SIO-A

N =
7~
Is SIO-B In Set output data

Serial transfer allowance
state?(*1)

;;;;;;;;;;;;; o |

****** Allow serial data transfer
(SST=1)

Transfer allowance state

Set output data

!

Start serial /O transfer(*2)
(SST=1)

SIO-B

. Serial data output via SIO-A -
Serial data transfer I'< /!

Simultaneous data input via SIO-B

Serial data transfer

NO
End of 8-bit transfer? End of 8-bit transfer?

(*3) (*3)

YES(SST=0) YES(SST=0)

| Read input data |

YES -
s next data available?

NO

Read input data

SST. The SST bit is the serial I/O transfer start bit of the serial mode
register (SMR).

*1 If only the SO, SI, and SCK pins are connected, there is no method for directly checking
whether SIO-B is in the serial transfer allowance state. For this reason, a timér, etc., must be
used to monitor the wait time period that lasts until SIO-B is allowed for transfer via software.

*2 If SIO-B is not allowed for serial I/O transfer, data cannot be transferred correctly even if
SIO-A starts serial 1/0 transfer.

*3 When 8-bit data transfer terminates, a interrupt request occurs.
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14.11 Program Example for 8-Bit Serial I/O

This section provides program example for 8-bit serial I/0.

B Program Example for 8-bit Serial Output

@® Processing Specifications

» The 8-bit serial output program outputs 8-bit serial data (55,) from the SO pin of the 8-bit serial /0.
When serial /O transfer terminates, an interrupt occurs.
e The program resets transfer data with the interrupt processing routine and outputs it continuously.

« The program operates in accordance with the internal shift clock. This clock is output from the SCK
pin.

+ If the shift clock is 32t;yst when the maximum gear speed (1 instruction cycle = 4/Fcy) at the 12.5-
MHz oscillation (Fcp), the transfer rate and interrupt cycle are asfollows:

Transfer rate = 12.5 MHZz/4/32 = 97.7 kbps, interrupt cycle = 8 x 32 x 4/10 MHz = 81.92 us

@® Coding example

SMR EQU 0039H ; Address of serial mode register
SDR EQU 003AH ; Address of serial dataregister
SSEL EQU 003BH ; Address of serial/UART selection register
SIOF EQU SMR:7 ; Definesthe interrupt request flag bit.
SST EQU SMR:0 ; Definesthe seria /O transfer start bit.
ILR4 EQU 007EH ; Address of interrupt request setting register 4
INT_V DSEG ABS ; [DATA SEGMENT]
ORG OFFE2H
IRQC DW WARI ; Setsan interrupt vector.
INT_V ENDS
jmmmmm e Main program:
CSEG ; [CODE SEGMENT]

; The stack pointer (SP), etc., are aready initialized.

CLRI ; Disablesinterrupts.

CLRB SST ; Stops serid 1/0O transfer.
MOV ILR4,#11111101B  ; Setstheinterrupt level to 1.
MOV SDR,#55H ; Setstransfer data (55H).

MQV SMR,#01111000B ; Clearstheinterrupt request flag, allows the interrupt
request output, shift clock output (SCK), and serial data
output (SO), selects 32tINST, and sets LSB first.

MOV SSEL ,#00000001B ; Selectsthe 8-hit serial 1/0.

SETB SST ; Startsserial 1/0 transfer.

SETI ; Enablesinterrupts.
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CLRB SIOF
PUSHW A

XCHW AT
PUSHW A

MOV SDR,#55H

SETB SST
User processing

POPW A

Interrupt processing routine-

CHAPTER 14 8-BIT SERIAL I/O

; Clearstheinterrupt request flag.
; SavesAandT.

; Resetstransfer data (554).
; Starts serial 1/0 transfer.

XCHW AT ; ReturnsA andT.
POPW A

RETI

ENDS

END

B Program Example for 8-bit Serial Input

@® Processing specifications

* The 8-hit seria input program inputs 8-bit serial data from the Sl pin of the 8-bit serial 1/0. When seria
1/O transfer terminates, an interrupt occurs.

e The program reads transfer data with the interrupt processing routine and inputs it continuously.

» The program uses the external shift clock to be input from the SCK pin.

@® Coding example

DDR3
SMR
SDR

Address of data direction register 3

Address of serial mode register

Address of serial dataregister

Address of serial/UART selection register
Defines the interrupt request flag bit.
Definesthe serial /O transfer start bit.
Address of interrupt request setting register 4
[DATA SEGMENT]

Sets an interrupt vector.

EQU 000DH
EQU 0039H
EQU 003AH
EQU 003BH
EQU SMR:7
EQU SMR:0
EQU 007EH
DSEG ABS
ORG OFFE2H
DW WARI
ENDS
—————————— Main program:
CSEG
MOV DDR3,#00000000B ;
CLRI
CLRB SST
MOV ILR4,#11111101B

[CODE SEGMENT]
The stack pointer (SP), etc., is already initialized.

Sets the P30/SCK and P32/S| pins to input.
Disables interrupts.

Stops seria 1/0 transfer.

Setsthe interrupt level to 1.
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MOV SMR,#01001100B
MOV SSEL ,#00000001B
SETB SST

SETI

CLRB SIOF

PUSHW A
XCHW AT
PUSHW A
MOV A,SDR

SETB SST
User processing

POPW A

Clears the interrupt request flag, allows the interrupt
request output, sets shift clock input (SCK), prohibits
serial data output (SO), selects the external shift clock,
and sets L SB first.

Selects the 8-hit serial 1/0.

Allows seria I/O transfer.

Enables interrupts.

Interrupt processing routine

Clearsthe interrupt request flag.

Reads transfer data.
Allows serial 1/0O transfer.

XCHW AT
POPW A
RETI

ENDS

END



CHAPTER 15

BUZZER OUTPUT

This chapter describes the functions and operation of
the buzzer output.

15.1 Overview of the Buzzer Output
15.2 Configuration of the Buzzer Output
15.3 Pin of the Buzzer Output

15.4 Buzzer Register (BZCR)

15.5 Program Example for Buzzer Output
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15.1  Overview of the Buzzer Output

For the buzzer output, four kinds of output frequencies (square waves) can be selected.
The buzzer output may be used for the confirmation tone of key input and other tones.

B Buzzer Output Function

The buzzer output function is a function for outputting a signal (square wave) used for tones such as a
confirmation tone.

For the buzzer output, it is selectable whether to output one of four output frequencies or to disable the
output.

As the buzzer output, four kinds of divided-frequency outputs are supplied from the time-base timer.
Note:

The time-base timer supplies clock for the buzzer output. Therefore, buzzer output will be affected
when time-base timer is cleared.

Table 15.1-1 lists the four kinds of output frequencies (square waves) specifiable for the buzzer output.

Table 15.1-1 Output Frequencies

Clock supplier Buzzer output Square wave output (at 12.5 MHz)
2/Fcn Fen/2'2 (1.526 kHz)
2YIFcn Fep/2'2 (3.052 kHz)

time-base timer
2MYF ey Fen/2M (6.104 kHz)
20F Fen/220 (12.21 kHz2)

Fcn: Oscillation frequency

Note:
Calculation example of an output frequency
If time-base timer output FCH/Z10 is selected in the buzzer register (BZCR) (BZ2=1, BZ1=0, and

BZ0=0) and the oscillation (Fcy) is 12.5 MHz, the output frequency being output from the BZ pin is
calculated asfollows:

Output frequency = Fcn/210
= 12.5MHz/1024

= 12.21 kHz
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15.2 Configuration of the Buzzer Output

The buzzer output consists of the following two blocks:
* Buzzer output selector
* Buzzer register (BZCR)

m Block Diagram of the Buzzer Output

Figure 15.2-1 Block Diagram of Buzzer Output

Internal data bus

BZCR
| — | — | — | = | — | sz2| Bz1| B20|
JL/
Buzzer enable signal
213/FCH —> Selector
rom time-base timer 21E
210k, —> P37/BZ/PPG

Fey : Oscillation frequency

@® Buzzer output selector
The buzzer output selector is a circuit for selecting one of the four frequencies (square waves) output from
the time-base timer. The buzzer register (BZCR) setsiit.

@® Buzzer register (BZCR)

The buzzer register (BZCR) is a register for setting the buzzer output frequency and enable the buzzer
output. When the BZCR register sets an output frequency (other than 000g), the buzzer output is enabled so

that the P37/BZ/PPG pin automatically becomes the buzzer output (BZ) pin. Even if the PPG pin has been
enabled, the BZ pin has higher priority.
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15.3  Pin of the Buzzer Output

The pin related to the buzzer output is P37/BZ/PPG.

m P37/BZ/PPG Pin
The P37/BZ/PPG pin works as a general-purpose 1/0 (P37) pin, output pin for the buzzer output (BZ), or
output pin for the 12-bit PPG (PPG).

@® BZ pin

The BZ pin outputs the square wave for the buzzer of the frequency having been specified for the BZ pin.
When a buzzer output frequency is specified (other than BZCR:BZ2,BZ1,BZ0=000g), the P37/BZ/PPG pin

automatically works as the BZ pin regardless of the value of output latch. Even if the PPG output has been
enabled, it works as the BZ pin that has higher priority.

B Block Diagram of the Pin Related to the Buzzer Output

Figure 15.3-1 Block Diagram of Pin Related to Buzzer Output

PDR

% ( P—Stop mode (SPL=1)  Pull-up resistor

PDR read

Peripheral output
A Peripheral

output
N f |

enable |
PDR read
(At read-modify-write)

ﬂ
PDR write Pin

Output latch
(
% | _| Nch P37/BZ/IPPG

DDR =,

DDR write Stop mode
(SPL=1)

Internal data bus

)
PUL read

PUL
PUL write

Note:
If pull-up resistor supported is specified by the pull-up setting register, the state of the pin in stop mode
(SPL=1) is not Hi-Z but "H" level (pull-up state). During a reset, however, the pull-up is disabled and
the stateis Hi-Z.
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15.4 Buzzer Register (BZCR)

The buzzer register (BZCR) is used to select an output frequency of the buzzer and also
serves as the buzzer output enable.

B Buzzer Register (BZCR)

Figure 15.4-1 Buzzer Register (BZCR)

Address bit7  bit6  bit5 bit4 bit3 bit2 bitl bit0O  Initial value

ootsy | — [ — | — | — [ — | BZ2| BZ1| BZO| - 000g
RW R/W R/W
Iﬁ Bz2 | BZ1 | BZ0 Buzzer selection bits (Fch: 12.5 MHz)
Works as a general-purpose output port (P37)
0 0 0 | or the 12-bit PPG output (PPG).
0 0 1 |Outputs Fcy/213 (1.526 kHz) to the BZ pin.
0 1 0 [Outputs Fcp/212 (3.052 kHz) to the BZ pin.
0 1 1 |Outputs Fcp/21 (6.104 kHz) to the BZ pin.
R/W : Readable/Writable 1 0 0 |Outputs Fgpy/210 (12.21 kHz) to the BZ pin.
— ! Unused 1 0 1 —
[ : Initial value 1 1 0 —
Foy ° Oscillation frequency 1 1 1 —
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Table 15.4-1 Functions of Each Bit in Buzzer Register (BZCR)

Bit name Function
bit7 :
. Undefined at read

bti?S Unused bits No effect on the operation at write
Select a buzzer output and enable the output.
If 000 is set to these bits, the buzzer output is
disabled and the pin works as a general -purpose port
(P37) or asthe 12-hit PPG output (PPG). With the

bit2 BZ2, BZ1, and BZO: exception of 000g, the pin becomes the puzza pin

to Buzzer selection bits and outputs a square wave. Even if the pin has been
bit0 functioning as the 12-bit PPG output, setting avalue

other than 0005 causes the pin to work asthe BZ pin
prior to its operation as the PPG pin.

For the buzzer output, four kinds of time-base timer
divided cycle outputs are supplied.
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15.5 Program Example for Buzzer Output

This section shows an program example for buzzer output.

B Program Example for Buzzer Output

@® Processing specification
Suppose that the buzzer output of 3.052 kHz is output to the BZ pin and then the buzzer output is cut off.

If 2Y2/F,, is selected when the oscillation (Fcy) is 12.5 MHz, the buzzer output frequency is calculated as
follows:

Buzzer output frequency: 12.5 MHz/2%2 = 12.5 MHz/4096 = 3.052 kHz

® Coding example

BZCR EQU 0018H ;Address of the buzzer register
jrmmm - Main program

. [CODE SEGMENT]

MOV BZCR,#00000010 ; Buzzer output on (3.052 kHz / Oscillation of 12.5 MHz)

MOV BZCR,#00000000 ; Buzzer output off (I/O port or PPG output)

ENDS

END
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CHAPTER 16

WILD REGISTER FUNCTION

This chapter describes the functions and operation of
the wild registers.

16.1 Overview of the Wild Register Function
16.2 Configuration of the Wild Register Function
16.3 Registers of the Wild Register Function
16.4 Operations of the Wild Register Functions
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16.1  Overview of the Wild Register Function

The wild register function is a function for patching the faulty part of a program by
setting the address and the correct data in the incorporated registers. Up to two bytes
of data correction is possible.

m Wild Register Function
The wild register function assigns an address in the ROM area of the microcontroller and replaces the
existing data corresponding to the address, with new data. For example, if an error exists in a program,
setting the address of the faulty part and correction data to the register can correct the faulty data.

m Wild Register Applicable Addresses

The address area where the wild register function can apply varies dlightly with the models. Table 16.1-1
shows the wild register applicable addresses for each model.

Table 16.1-1 Wild Register Applicable Addresses

Model name ROM area
MB89V 201 80004 to FFFF
MB89202/F202 C000y to FFFF

Note:

The wild register function cannot be debugged with a tool. Perform the operation check of the wild
register on the actual microcontroller, MB89202/F202/F202RA.
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16.2 Configuration of the Wild Register Function

The wild register function consists of the following two blocks:

Memory area part

» Data setting register (WRDR)

» Higher address set register (WRARH)
* Lower address set register (WRARL)
Control circuit part

B Block Diagram of the Wild Register Function

Figure 16.2-1 Block Diagram of Wild Register Function

Wild register function

Incorporated ROM/RAM

Memory area part

Data setting register
(WRDR)

Control circuit part

Higher address set
register (WRARH)

Internal data bus

Access control circuit

Address comparison

EN register (WREN)

Decoder
|

/[\Matching signal

Lower address set
register (WRARL)

Address comparison

Access control

Address

® Memory area part

This part consists of the data setting register, higher address set register ("H" address), and lower address
set register ("L" address). Set the address and data to be replaced by the wild register. The MB89202/
F202RA series incorporates two bytes for each register.

@® Control circuit part

This part compares the data held in the address set registers and the actual data on the address bus. If it
detects a match, it sets the data in the data setting register to the data bus. The control circuit part can
control the operation by the address comparison EN register.
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16.3

Registers of the Wild Register Function

Figure 16.3-1 shows the registers related to the wild register function.

B Registers Related to the Wild Register Function

Figure 16.3-1 Registers Related to Wild Register Function

0042
0045

0040
00434

Address

0041H
00444

Address
0046 4

Address

00474y

R/W

Address

Address

WRDRO,WRDR1 (Data setting register)

WROR (Data test set register)

bit7  bit6  bits bit4  bit3  bit2 bitt  bit0  Initial value
| RDo7 | RDO6 | RDO5 | RDO4 | RD03 | RDO2 [ RDOL | RDOO | XXXXXXXX g
RW RW RW RW RW RW RW RW
WRARHO,WRARH1 (Higher address set register)
bit7  bit6  bits bit4  bit3  bit2 bitl  bit0 Initial value
| Ra15 | RA14 | RA13 | RA12 | RA11 | RA10 | RA09 | RAOB | xxxxxxxX g
RW RW RW RW RW RW RW RW
WRARLO,WRARL1 (Lower address set register)
bit7  bite b5 bitd bit3  bit2 bitl  bit0 Initial value
| RA07 | RAO6 | RAO5 | RAO4 | RA03 | RA02 [ RAOL | RAOD |XXXXXXXX g
RW RW RW RW RW RW RW RW
WREN (Address comparison EN register)
bit7  bit6  bits bit4 bit3  bit2 bitl  bit0 Initial value
T - T -—T-—T T Tewlawn] v,
RIW  RW
bit7  bit  bit5 bit4  bit3 btz  bitl  bito Initial value
— 1 — T — — — — [ RESV1|RESVO]| ---00g

. Readable and Writable
. Unused
: Undefined

R/W

R/W
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16.3.1 Data Setting Registers (WRDRO and WRDR1)

The data setting registers (WRDRO and WRDR1) are registers where the correct data
used by the wild register function is set.

m Data Setting Register (WRDR)

Figure 16.3-2 Data Setting Register (WRDR)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

WRDRO 0042, | RD07| RDO6| RDOS| RDO4]| RDO3| RDO2|[ RDO1[ RDOO|xxxxxxXXg
RW RW RW RW RW RW RW RW

Initial value

WRDR1 0045, | RDO7| RD06| RDO5| RD04| RD03| RDO2| RDO1| RDOO|XXXXXXXXg
RW RW RW RW RW RW RW RW

R/W : Readable and Writable
X 1 Undefined

Table 16.3-1 Functions of Data Setting Register (WRDR)

Wild register number Register name Function
0 WRDRO 1-byte registers that store the data at the address assigned by WRARL
and WRARH. The datawill be effective at the addresses (WRARL and
1 WRDR1 WRARH) corresponding to the individual wild register numbers.
Note:

The WRDR register is readable, only when the WREN register (address comparison EN register) is set.
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16.3.2 Higher Address Set Registers (WRARHO and WRARH1)

The higher address set registers (WRARHO and WRARH1) are registers where the
higher byte of addresses to be corrected by the wild register function are set.

m Higher Address Set Register (WRARH)

Figure 16.3-3 Higher Address Set Register (WRARH)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
WRARHO 0040 4 | RA15| RA14| RA13| RA12| RA11| RA10| RA09 | RAO8|XXXXXXXX B
RW RW RW RW RW RW RW RW

WRARH1 00431 | RA15| RA14| RA13| RA12| RA11| RA10| RA09| RAO08|XXXXXXXXg
RW RW RW RW RW RW RW RW

R/W : Readable and Writable
X : Undefined

Table 16.3-2 Functions of Higher Address Set Register (WRARH)

Wild register number Register name Function

0 WRARHO 1-byte registers that specify the higher addresses of memory being

assigned. They specify the addresses corresponding to the individual
wild register numbers.

1 WRARH1
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16.3.3 Lower Address Set Registers (WRARLO and WRARL1)

The lower address set registers (WRARLO and WRARL1) are registers where the lower
byte of addresses to be corrected by the wild register function are set.

B Lower Address Set Register (WRARL)

Figure 16.3-4 Lower Address Set Register (WRARL)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
WRARLO 0041, | RA07| RA06| RAO5| RA04| RA03| RA02| RAOL| RAQO|XXXXXXXXg
RW RW RW RW RW RW RW RW

WRARL1 0044 | RA07| RA06| RAO5| RA04| RA03| RA02| RAOL| RAO0O|XXXXXXXXg
RW RW RW RW RW RW RW RW

R/W : Readable and Writable
X : Undefined

Table 16.3-3 Functions of Lower Address Set Register (WRARL)

Wild register number Register name

Function
0 WRARLO 1-byte registers that specify the lower addresses of memory being
assigned. They specify the addresses corresponding to the individual
1 WRARL1

wild register numbers.
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16.3.4  Address Comparison EN Register (WREN)

The address comparison EN register (WREN) is a register that enables the operation of
wild register function for the individual wild register numbers.

B Address Comparison EN Register (WREN)

Figure 16.3-5 Address Comparison EN Register (WREN)

Address  bitZ  bit6  bit5  bit4  bitd  bit2  bitl  bit0 Initial value
WwRe oosey | — | — | — | — | — | — | Enot| ENoo| - 008
RW  RW

R/W : Readable and Writable
— : Unused

Table 16.3-4 Explanation of Functions of Each Bit in Address Comparison EN Register (WREN)

Bit name Function
bit7 .
. Undefined at read

bti(sz Unused bits No effect to the operation at write
When this it is"0", the corresponding wild register function does not work.

bitl ENOL Whenthishitis"1", thewild register function is enabled. If thereisamatch with the
address held in WRARH1 and WRARL 1, the value of WRDR1, instead of ROM, is
output to the internal bus.
When this bit is"0", the corresponding wild register function does not work.

bito ENOO When thishitis"1", thewild register function is enabled. If thereisamatch with the
address held in WRARHO and WRARLO, the value of WRDRO, instead of ROM, is
output to theinternal bus.

354



CHAPTER 16 WILD REGISTER FUNCTION

16.3.5 Data Test Set Register (WROR)

A test register. Do not access this register.
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16.4  Operations of the Wild Register Functions

This section describes the operation order of the wild register.

m Operation Order of the Wild Register Function
Table 16.4-1 describes the operation order of the wild register. In the operation example column, it corrects
data at address FC36y, from FFy to B5,.

Table 16.4-1 Operation Order of Wild Register

Operation Operation example

] ] Address; FC36,/data: FF
Set an address of the wild register correspondence areato | o 0=36y,

1 the address set register. WRARHO=FC,,
2 Set the correction data to the data setting register. WRDRO0=B5y
3 Set "1" to the address comparison ENQO bit. WREN=01y
When address = FC36y, is accessed
4 The wild register works at the time of address matching.

!
Data= B5

B Wild Register Addresses List
Table 16.4-2 lists the addresses corresponding to the wild register numbers.

Table 16.4-2 Wild Register Addresses List

Higher address Lower address Data
Register name Address Register name Address Register name Address
1 WRARHO 0404 WRARLO 041 WRDRO 042,
2 WRARH1 0434 WRARL1 044, WRDR1 045,
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CHAPTER 17

FLASH MEMORY

This chapter describes the functions and operation of
the 128K-bit flash memory. The following three methods
are available for writing data to and erasing data from
the flash memory:

1. Parallel programmer

2. Writing/erasing data using a serial programmer

3. Executing programs to write/erase data
This chapter explains "Executing programs to write/
erase data".

Note: A user must create a serial programmer for
writing.

17.1 Overview of Flash Memory

17.2 Flash Memory Control Status Register (FMCS)

17.3 Starting the Flash Memory Automatic Algorithm

17.4 Confirming the Automatic Algorithm Execution State
17.5 Detailed Explanation of Writing to Erasing Flash Memory
17.6 Flash Security Feature

17.7 Notes on using Flash Memory
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17.1

Overview of Flash Memory

The 128K-bit flash memory is mapped to the C0O004 to FFFFy bank in the CPU memory

map. The functions of the flash memory interface circuit enable read-access and
program-access from the CPU in the same way as mask ROM. Instructions from the
CPU can be used via the flash memory interface circuit to write data to and erase data
from the flash memory. Internal CPU control therefore enables rewriting of the flash
memory while it is mounted. As a result, improvements in programs and data can be
performed efficiently.

m Flash Memory Features

* 16 Kbytex 8-bit configuration

» Use of automatic program algorithm (Embedded Algorthm)

» Detection of completion of writing/erasing using data polling or toggle bit functions
« Detection of completion of writing/erasing using CPU interrupts

e Compatible with JEDEC standard commands

e Minimum of 10000 write/ erase operations (MB89F202/F202RA)

m High voltage supply on RST pin (applicable to MB89F202RA only)

During writing datato or erasing al datain flash memory, atypical +10V D.C. voltage should be applied at
the RST pin. After applying the high voltage, wait for 10ms before writing data or erasing al data in flash
memory. And this applied voltage should be kept at the RST pin until data writing or erasing has been
completed.

m Writing to/Erasing Flash Memory

The flash memory cannot be written to and read at the same time. That is, when data is written to or erased
data from the flash memory, the program in the flash memory must first be copied to RAM. The entire
process is then executed in RAM so that data is simply written to the flash memory. This eliminates the
need for the program to access the flash memory from the flash memory itself.

m Flash Memory Register

Compatible with JEDEC standard commands

Bit No. bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
0079y INTE | RDYINT | WE RDY - - - -

Read/write (RIW) (RIW) (RIW) (R) ) () ) Q)
Initial value ©) ©) ©) (X) Q) ) ) ()
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17.2 Flash Memory Control Status Register (FMCS)

The flash memory control status register (FMCS), together with the flash memory
interface circuit, is used to write data to and erase data from the flash memory.

m Flash Memory Control Status Register (FMCS)

Figure 17.2-1 Flash Memory Control Status Register (FMCS)
Address  Dbit7  bit6  bit5 bit4 bit3 bit2 bitl bit0 Initial value
0079H INTE |RDYINT| WE | RDY | — — — — 000X----B
RW RW R/W R - - - -
— 4, L
L - Unused bit
Reading / Writing has no effect.
ReaDY bit
RDY  |(for enabling data to be written into/erased from flash memory)
0 Data is being written or erased.
1 Data writing/erasing has been completed.
(Subsequent data can be written/erased.)
WE Write enable bit
0 Disables data to be written into/erased from flash memory.
1 Enables data to be written into/erased from flash memory.
RDYINT Flash memory operation state indication bit
0 Data is being written/erased.
1 Data writing/erasing has been completed.
(An interrupt request is generated.)

INTE Causing an interrupt to the CPU to be generated bit
tnsT © Instruction cycle 0 Enables an interrupt when data writing/erasing is completed.
R/W : Readable/Writable 1 Disables an interrupt when data writing/erasing is completed.
R : Read only

[ ] : Initial value
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Table 17.2-1 Explanation of Functions of Each Bit in the Flash Memory Control Status Register (FMCS)

The RDYINT and RDY hits cannot be changed at the same time. Create a program so that decisions are

Bit name Description
INTE: . . . e .
. Bit causing an interrupt (IRQB) to the CPU to be generated when writing into or erasing
Causing an .
bit7 interrupt to the from flash memory is compl eted._ . '
Aninterrupt (IRQB) to the CPU is generated when both the INTE bit and RDYINT bit
CPU to be an N ; ;
. are"1". If the INTE bit is"0", no interrupt is generated.
generated bit
Bit for indicating operation status of flash memory.
Thisbit isset to "1" when writing into or erasing from flash memory is completed. After
RDYINT: data has been written into or erased from flash memory and this bit has been set to "1",
bit6 Flash memory subsequent data can be written into or erased from flash memory.
operation state Writing "0" clears this bit with "0", whileif "1" iswritten into this bit, it isignored. This
indication bit bit isset to "1" upon the termination of the flash memory automatic algorithm (see
Section "17.3 Starting the Flash Memory Automatic Algorithm ". The read modifier
write (RMW) command alwaysreads"1" from this bit.
Bit for write-enabling flash memory areas.
When thisbit isset to "1", awrite instruction performed after acommand sequence for a
section from C000 to FFFFy (see Section "17.3 Starting the Flash Memory Automatic
bit5 WE: _ Algorithm ") isissued writes datainto a flash memory area. When thishit isset to "0", no
Write enabl e bit write/erase signals are generated. This bit is used to start acommand for writing data into
or erasing data from flash memory.
It isrecommended that this bit be set to "0" to prevent data from being incorrectly written
into flash memory, whenever there is no data to be written or erased.
Bit for status checking for writing data into or erasing data from flash memory.
bita RDY: No data can be written into or erased from flash memory while thisbit is"0". However, a
ReaDY bit read command, reset command, and suspend commands such as the sector erase suspend
command can be accepted while this bit is"0".
bit3 Reading / Writing for these bits have no effect.
to Unused bits
bit0
Note:

made using one or the other of these hits.

Automatic algorithm
Termination timing
RDYINT bit

RDY bit

1 machine cycle

360




17.3

Starting the Flash Memory Automatic Algorithm

CHAPTER 17 FLASH MEMORY

Four types of commands are available for starting the flash memory automatic
algorithm: Read/Reset, Write, and Chip Erase.

B Command Sequence Table
Table 17.3-1 lists the commands used for flash memory write/erase.

Table 17.3-1 Command Sequence Table

Command Bus 1st bus write 2nd bus write 3rd bus write 4th bus read/ 5th bus write 6th bus write
sequence write cycle cycle cycle write cycle cycle cycle
access
Address | Data | Address | Data | Address | Data | Address | Data | Address | Data | Address | Data
Read/Reset 1 XXXX FO - - -
*) 4 FAAA | AA | F554 | 55 | FAAA | FO RA RD - , ;
Write 4 FAAA | AA | F554 55 | FAAA | A0 PA PD - - -
program
Chip Erase 6 FAAA AA F554 55 FAAA 80 FAAA AA F554 55 FAAA 10

*: Both of the two types of Read/Reset commands can reset the flash memory to read mode.

Notes:

e The addresses shown in the table are those on the CPU memory map. All addresses and data are represented in
hexadecimal notation. The letter X indicates an appropriate value.
RA: Read address
PA: Write address.
RD: Read data
PD: Write data.

« The flash memory can only accept the command sequences mentioned on the above table (Read/Reset, Write
program, Chip Erase), other command sequences are strictly prohibited to be sent to the flash memory or else the
flash memory may become malfunction.
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17.4

Confirming the Automatic Algorithm Execution State

Because the write/erase flow of the flash memory is controlled using the automatic
algorithm, the flash memory has hardware for posting its internal operating state and
completion of operation. This automatic algorithm enables confirmation of the
operating state of the built-in flash memory using the following hardware sequence

flags.

m Hardware Sequence Flags

362

The hardware sequence flags are configured from the five-bit output of DQ7, DQ6, DQ5, and DQ2. The
functions of these bits are those of the data polling flag (DQ7), toggle bit flag (DQ6), timing limit exceeded
flag (DQ5), and toggle hit2 flag (DQ2). The hardware sequence flags can therefore be used to confirm that
writing or chip sector erase has been completed or that erase code writeisvalid.

The hardware sequence flags can be accessed by read-accessing the addresses of the target sectors in the
flash memory after setting of the command sequence (see Table 17.3-1 in Section "17.3 Starting the Flash
Memory Automatic Algorithm ). Table 17.4-1 lists the bit assignments of the hardware sequence flags.

Table 17.4-1 Bit Assignments of Hardware Sequence Flags

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

Hardware sequence flag DQ7 DQ6 DQ5 - - DQ2 - -

To determine whether automatic writing or chip sector erase is being executed, the hardware sequence flags
can be checked or the status can be determined from the RDY bit of the flash memory control status
register (FMCS) that indicates whether writing has been completed. After writing/erasing has terminated,
the state returns to the read/reset state. When creating a program, use one of the flags to confirm that
automatic writing/erasing has terminated. Then, perform the next processing operation, such as data read.
In addition, the hardware sequence flags can be used to confirm whether the second or subsequent sector
erase code write is valid. The following sections describe each hardware sequence flag separately. Table
17.4-2 lists the functions of the hardware sequence flags.

Table 17.4-2 Hardware Sequence Flag Functions

State DQ7 DQ6 DQ5 DQ2
Executing Automatic writing operation DQ7 Toggle 0 1
Automatic erasing operation 0 Toggle 0 Toggle
Exceeding Automatic writing operation DQ7 Toggle 1 1
the time limit X X X
Automatic erasing operation 0 Toggle 1 Toggle
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17.4.1 Data Polling Flag (DQ7)

The data polling flag uses the data polling function to post that the automatic algorithm
is being executed or has terminated

m Write
Read-access during execution of the automatic write algorithm causes the flash memory to output the
opposite data of bit7 last written, regardless of the value at the address specified by the address signal.
Read-access at the end of the automatic write algorithm causes the flash memory to output bit7 of the read
value of the address specified by the address signal.

B Automatic Erasing

Read-access during execution of the automatic erasing algorithm causes the flash memory to output "0",

regardless of the value at the address specified by the address signal. After the automatic erasing algorithm

isexecuted, "1" is output.

Note:
When the automatic algorithm comes to the end of its operation, bit7 (data polling) changes its state
asynchronously during a read operation. This means that flash memory sends data about the operation
state to bit7 and will then send out fixed data. When flash memory ends the automatic algorithm or even
if bit7 is outputting fixed data, the values of the other bits are still undetermined. Fixed data in the other
bits can be read by successively executing read operations.

363



CHAPTER 17 FLASH MEMORY

17.4.2 Toggle Bit Flag (DQ6)

Like the data polling flag, the toggle bit flag uses the toggle bit function to post that the
automatic algorithm is being executed or has terminated.

B Automatic Write/Erase
Making successive read accesses while the automatic writing/erasing algorithm is being performed toggles
flash memory and makes it output 1 and then O, in turn, regardless of the specified address. Making
successive read accesses when the automatic writing/erasing algorithm ends makes flash memory to stop
bit6 toggle and outputs the value of bité (DATA:6) corresponding to the value read from the specified
address. The toggle bit becomes effective after the last write cycle in each command sequence.
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17.4.3 Timing Limit Exceeded Flag (DQ5)

The timing limit exceeded flag is used to post that execution of the automatic algorithm
has exceeded the time (internal pulse count) prescribed in the flash memory.

B Automatic Write/Erase

Bit5 indicates that execution of the automatic algorithm exceeded the time (internal pulse count) specified
in flash memory. For an excess, bit5 outputs 1. Thus, if this bit outputs 1 while the automatic algorithm is
operating, datawriting or data erasing failed.

Bit5 indicates a failure when an attempt is made to write data into a non-blank area without erasing any
data. In the case of such afailure, fixed data cannot be read from hit7 (data polling) and bit6 (toggle bit)
remains unchanged (toggled). If the time limit is exceeded while there is afailure, "1" is set in bit5. In this
case, note that the setting of bit5 to "1" does not indicate a flash memory failure but the incorrect use of
flash memory. If bit5isset to "1" as described above, execute areset command.
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17.4.4

Toggle Bit-2 Flag (DQ2)

The toggle bit-2 flag (DQ2) is used to detect that flash memory is performing an
automatic erase operation, together with the toggle bit.

m Automatic Write/Erase
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Making successive read accesses while the automatic erasing algorithm is being performed toggles flash
memory and makes it output 1 and then O, in turn, regardless of the specified address. Making successive
read accesses while the automatic writing algorithm is being performed toggles flash memory and makes it
output 1 regardless of the specified address.

Making successive read accesses when the automatic writing/erasing algorithm ends makes flash memory
to stop bit2 toggle and outputs the value of bit2 (DATA:6) corresponding to the value read from the
specified address. The toggle bit becomes effective after the last write cycle in each command sequence.



CHAPTER 17 FLASH MEMORY

17.5 Detailed Explanation of Writing to Erasing Flash Memory

This section describes each operation procedure of flash memory Read/Reset, Write,
Chip Erase, when a command that starts the automatic algorithm is issued.

m Detailed Explanation of Flash Memory Write/Erase

The flash memory executes the automatic algorithm by issuing a command sequence (see Table 17.3-1 in
Section "17.3 Starting the Flash Memory Automatic Algorithm "“for a write cycle to the bus to perform
Read/Reset, Write, Chip Erase operations. Each bus write cycle must be performed continuously. In
addition, whether the automatic algorithm has terminated can be determined using the data polling or other
function. At normal termination, the flash memory is returned to the read/reset state.

Each operation of the flash memory is described in the following order:
17.5.1 Setting The Read/Reset State
17.5.2 Writing Data
17.5.3 Erasing All Data (Erasing Chips)
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17.5.1

Setting The Read/Reset State

This section describes the procedure for issuing the Read/Reset command to set the
flash memory to the read/reset state.

B Setting the Read/Reset State

368

The flash memory can be set to the read/reset state by sending the Read/Reset command in the command
sequence table (see Table 17.3-1 in Section "17.3 Starting the Flash Memory Automatic Algorithm ™)
continuously to the target sector in the flash memory.

The Read/Reset command has two types of command sequences that execute the first and third bus
operations. However, there are no essential differences between these command sequences.

The read/reset state is the initial state of the flash memory. When the power is turned on and when a
command terminates normally, the flash memory is set to the read/reset state. In the read/reset state, other
commands wait for input.

In the read/reset state, datais read by regular read-access. As with the mask ROM, program access from the
CPU is enabled. The Read/Reset command is not required to read data by a regular read. The Read/Reset
command is mainly used to initialize the automatic algorithm in such cases as when a command does not
terminate normally.
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Writing Data

This section describes the procedure for issuing the Write command to write data to the
flash memory. Figure 17.5-1 shows an example of the flash memory write procedure.

m Writing Data

The data write automatic algorithm of the flash memory can be started by sending the Write command in
the command sequence table (see Table 17.3-1 in Section "17.3 Starting the Flash Memory Automatic
Algorithm ") continuously to the flash memory. When data write to the target address is completed in the
fourth cycle, the automatic algorithm and automatic write are started.

B Specifying Addresses

Writing can be done in any order of addresses. However, the Write command writes only data of one byte
for each execution.

m Notes on Writing Data

Writing cannot return data O to data 1. When data 1 is written to data O, the data polling algorithm (DQ7) or
toggle operation (DQ6) does not terminate and the flash memory elements are determined to be faulty. If
the time prescribed for writing is thus exceeded, the timing limit exceeded flag (DQ5) is determined to be
an error. Otherwise, the datais viewed asif dummy data 1 had been written. However, when datais read in
the read/reset state, the data remains 0. Data O can be set to data 1 only by erase operations.

All commands are ignored during execution of the automatic write algorithm. If a hardware reset is started
during writing, the data of the written addresses will be unpredictable.

m Writing to the Flash Memory

Figure 17.5-1 is an example of the procedure for writing to the flash memory. The hardware sequence flags
(see Section "17.4 Confirming the Automatic Algorithm Execution State ") can be used to determine the
state of the automatic algorithm in the flash memory. Here, the data polling flag (DQ7) is used to confirm
that writing has terminated.

The data read to check the flag is read from the address written to last.

The data polling flag (DQ7) changes at the same time that the timing limit exceeded flag (DQ5) changes.
For example, even if the timing limit exceeded flag (DQ5) is "1", the data polling flag bit (DQ7) must be
rechecked.

Also for the toggle bit flag (DQ6), the toggle operation stops at the same time that the timing limit
exceeded flag bit (DQ5) changesto "1". The toggle bit flag (DQ6) must therefore be rechecked.
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Figure 17.5-1 Example of the Flash Memory Write Procedure

w * Make sure +10V DC voltage

FMCS: WE (bit5)
Enable flash memory write

la

is applied at the RST pin before
start writing

Write command sequence
(1) FAAA <-- AA
(2) F554 <--55
(8) FAAA <-- A0

(4) Write address <-- Write data

Data

Ll

Read internal address

Data polling (DQ7)

Timing limit (DQ5)

Read internal address

Data polling (DQ7)

Next address

A4

Final address

FMCS: WE (bit5)
Write-disable flash memory.

Complete writing

Confirm with the hardware
sequence flags.



Figure 17.5-1 is changed.
(F555 → F554)
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17.5.3 Erasing All Data (Erasing Chips)

This section describes the procedure for issuing the Chip Erase command to erase all
data in the flash memory.

B Erasing All Data (Erasing Chips)

All data can be erased from the flash memory by sending the Chip Erase command in the command
sequence table (see Table 17.3-1 in Section "17.3 Starting the Flash Memory Automatic Algorithm ™)
continuously to the target sector in the flash memory.

The Chip Erase command is executed in six bus operations. When writing of the sixth cycle is completed,
the chip erase operation is started. For chip erase, the user need not write to the flash memory before
erasing. During execution of the automatic erase algorithm, the flash memory writes "0" for verification
before all of the cells are erased automatically.
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17.6  Flash Security Feature

Flash security feature provides possibilities to protect the content of the flash memory
from being read from external.

B Abstract
By writing the protection code of "01y" to the predefined flash security address of the flash memory,

access to the flash memory is restricted. Once the flash memory is protected, unlock the security function
can only be done by performing the chip erase operation. Otherwise, read/write access of the flash memory
from the external pins is not possible. This function is suitable for applications requiring security of self-
containing data stored in the flash memory.

Table 17.6-1 Flash Security Address

Product Flash Memory Size Flash Security Address
MB89F202/F202RA 16 Kbyte FFFCy

B How to enable the Flash Security Feature
After writing the code "014" to the flash security address, the subsequent external reset or power on
enables the flash security feature.

m How to disable the Flash Security Feature
Perform the chip erase operation.

B Behavior under the Flash Security Feature
Read operation: invalid data read
Write operation: ignored

m Others

» For the configuration of the standard parallel programmer, please follow the specification of parallel
programmer.

e In order to prevent the device form enabling the flash security feature accidentally, writing the
protection code at the last of flash memory programming is recommended.

Note:

The security byte is allocated inside the flash memory. After writing the code "01" to the flash security

address, the subsequent external reset or power on enables the flash security feature. Therefore, if the
flash security feature is not required, do not write 01" to the security byte address.

Once the flash security feature is enabled, al the flash memory failure analysis cannot be performed.
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17.7 Notes on using Flash Memory

This section provides notes on using the MB89F202, especially for flash memory.

m Input of a Hardware Reset (RST)
To input a hardware reset when reading is in progress, i.e., when the automatic algorithm has not been
started, secure aminimum low-level width of 1650 ns.

To input a hardware reset while a write or erase is in progress, i.e., while the automatic algorithm is being
started, secure a minimum low-level width of 1650 ns. In this case, 20 ps are required until the data
becomes readable after the operation being performed terminates and the flash memory isfully initialized.

Performing a hardware reset during a write operation makes the data being written undetermined. Also note
that performing a hardware reset or shut-down during an erase operation may make the sector from which
datais being erased unusable.

B Software Reset, Watchdog Timer Reset
When write/erase of flash memory is set up for normal mode and CPU memory access mode is internal
ROM mode, and if areset cause occurs while the automatic algorithm of flash memory is being activated,
the CPU may run out of control.

The cause of a reset does not initialize the flash memory and keeps the automatic algorithm operating.
Thus, when the CPU starts a sequence after the reset is cancelled, the flash memory may not have been in a
read state. Prevent a cause of areset from occurring while the flash memory iswriting or erasing.

m Program Access to Flash Memory

While the automatic algorithm is being activated, any read access to the flash memory is disabled. When
CPU memory access mode is set to internal ROM mode, move program areas into another area such as
RAM, and then start awrite or erase.

In this case, when the flash containing interrupt vectors are erased, the writing or erasing of interrupt
processing cannot be executed.

For the same reason, other interrupt processing shall be disabled while the automatic algorithm is being
activated.
m Flash Content Protection

Flash content can be read using parallel / serial programmer if the flash content protection mechanism is
not activated.

One predefined area of the flash (FFFCy) is assigned to be used for preventing the read access of flash

content. If the protection code "01y" is written in this address (FFFC,), the flash content cannot be read by

any parallel / serial programmer.

Note : The program written into the flash cannot be verified once the flash protection code is written (*014"
in FFFC,). It isadvised to write the flash protection code at last.
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APPENDIX

This appendix shows the I/O map, the overview of the
instructions, mask options in MB89202/F202RA series,
and the pin states.

APPENDIX A 1/O Map

APPENDIX B Overview of the Instructions

APPENDIX C Mask Options

APPENDIX D Programming EPROM with Evaluation Chip
APPENDIX E Pin State of the MB89202/F202RA Series
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APPENDIX A 1/O Map

For the registers of peripheral functions incorporated in the MB89202/F202RA series,
the addresses shown in Table A-1 are assigned.

m /O Map

Table A-1 1/0O Map (1/4)

Address abFE)(rag\i/?:tai:)n Register name Read/write Initial value
0000y PDRO Port O data register R/W XXXXXXXX
00014 DDRO Port O data direction register wW 00000000
0002

to Vacancy
0006y,
0007y SYCC System clock control register R/W 1--11100
0008y STBC Standby control register R/W 00010---
0009y WDTC Watchdog control register R/W 0---XXXX
000AH TBTC Time-base timer control register R/W 00---000
000BH Vacancy
000CH PDR3 Port 3 data register R/W XXXXXXXX
000Dy DDR3 Port 3 data direction register w 00000000
00OEH RSFR Reset flag register R XXXX----
000FH PDR4 Port 4 data register R/W ---XXXX
0010y DDR4 Port 4 data direction register R/W ----0000
0011 ouT4 Port 4 output format register R/W ----0000
0012 PDR5 Port 5 data register RW | e X
0013y DDR5 Port 5 data direction register RW | - 0
0014y RCR21 12-bit PPG control register 1 R/W 00000000
00154 RCR22 12-bit PPG control register 2 R/W --000000
00164 RCR23 12-bit PPG control register 3 R/W 0-000000
0017y RCR24 12-bit PPG control register 4 R/W --000000
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Table A-1 1/O Map (2/4)

Address abi?g\i/?;?ii)n Register name Read/write Initial value
0018y BZCR Buzzer register RW | - 000
0019y TCCR Capture control register R/W 00000000
001A4 TCR1 Timer 1 control register R/W 000-0000
001By TCRO Timer O control register R/W 00000000
001Cy TDR1 Timer 1 dataregister R/W XXXXXXXX
001Dy TDRO Timer O dataregister R/W XXXXXXXX
001Ey TCPH Capture data register H R XXXXXXXX
001FH TCPL Capture dataregister L R XXXXXXXX
0020y TCR2 Timer output control register RW | - 00
0021 Vacancy
0022, CNTR PWM control register R/W 0-000000
0023 COMR PWM compare register w XXXXXXXX
0024y EIC1 External interrupt 1 control register 1 R/W 00000000
00254 EIC2 External interrupt 1 control register 2 R/W ----0000
0026

Vacancy
00274
0028y SMC Serial mode control register R/W 00000-00
0029y SRC Serial rate control register R/W --011000
002A 4 SSD Serial status and data register R/W 00100-1X
SIDR Serial input data register R XXXXXXXX
002 SODR Serial output data register W XXXXXXXX
002Cy UPC Clock divided cycle selection register R/W ----0010
002Dy,
to Vacancy
002Fy
0030y ADC1 A/D control register 1 R/W -0000000
0031y ADC2 A/D control register 2 R/W -0000001
0032y ADDH A/D dataregister H R | - XX
0033y ADDL A/D dataregister L R XXXXXXXX
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Table A-1 1/O Map (3/4)

Address ab?a?g\i/?::ii)n Register name Read/write Initial value
0034y ADEN A/D enable register R/W 00000000
00354 Vacancy
0036y EIE2 External interrupt 2 control register 1 R/W 00000000
0037y EIF2 External interrupt 2 control register 2 RW | e 0
0038y Vacancy
0039y SMR Serial mode register R/W 00000000
003AH SDR Serial dataregister R/W XXXXXXXX
003By SSEL Serial function switching register RW | e 0
003Cy

to Vacancy
003F
0040y WRARHO Higher address set register O R/W XXXXXXXX
0041 WRARLO Lower address set register O R/W XXXXXXXX
0042, WRDRO Data setting register O R/W XXXXXXXX
0043 WRARH1 Higher address set register 1 R/W XXXXXXXX
0044, WRARL1 Lower address set register 1 R/W XXXXXXXX
0045y WRDR1 Data setting register 1 R/W XXXXXXXX
0046y WREN Address comparison EN register RW | - 00
0047y WROR Wild register data test register RW | - 00
0048y,

to Vacancy
005F
00604 PDR6 Port 6 data register RW | - XX
0061 DDR6 Port 6 data direction register* RW | - 00
00624 PUL6 Port 6 pull-up set register RW | - 00
00634 PDR7 Port 7 data register RW | - XXX
0064 DDR7 Port 7 data direction register RW | - 000
00654 PUL7 Port 7 pull-up set register RW | - 000
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Table A-1 1/O Map (4/4)

Address Reglste_r Register name Read/write Initial value
abbreviation

0066y

to Vacancy
006F
0070y PULO Port O pull-up set register R/W 00000000
0071 PUL3 Port 3 pull-up set register R/W 00000000
0072y PUL5 Port 5 pull-up set register RW | e 0
00734

to Prohibited area
00784
0079 FMCS Flash memory control status register R/W, R 000X ----
007AH Prohibited area
007By ILR1 Interrupt level set register 1 W 11111111
007Cy ILR2 Interrupt level set register 2 W 11111111
007Dy ILR3 Interrupt level set register 3 W 11111111
007Ey ILR4 Interrupt level set register 4 W 11111111
007Fy ITR Interrupt test register Inhibited |  ------ 00

® Explanation on read/write

R/W: Readable and Writable

R: Read only
W: Write only

@ Explanation on initial value

0: Theinitial value of thishitis"0".
1: Theinitia value of thisbitis"1".

X: Theinitial value of this bit is undefined.

*: No used in MB89F202/F202RA..

Note:

Do not use the prohibited areas.
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APPENDIX B Overview of the Instructions

This section describes the instructions used for the FAMC-8L.

m Overview of the Instructions of the F2MC-8L

The FPMC-8L has 140 kinds of 1-byte machine instructions (actually, the map is 256 bytes). An instruction
and succeeding operands make an instruction code.

Figure B-1 shows the correspondence between the instruction codes and instruction map.

Figure B-1 Correspondence between Instruction Codes and Instruction Map

0 to 2 bytes are provided depending
on the instruction.

lbyte A

N
Instruction code M§$hgﬁm| | Operand | | Operand |

— Higher 4 bits [Instruction map]

Lower 4 bits «—

« Theinstructions are classified into four groups including transfer instructions and branch instructions.

e Various methods for addressing are supported. Depending on the selection of an instruction and
specification of operands, 10 kinds of addressing can be selected.

« Bit manipulation instructions are supported, so read-modify-write operation is possible.

« Instructions directing specia operations are supported.
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B Explanation on the Codes Representing Instructions
Table B-1 describes the codes used to explain the instruction codesin Appendix B.

Table B-1 Explanation on Codes on Instructions’ List

Code Meaning
dir Direct address (8 bits)
off Offset (8 bits)
ext Extended address (16 bits)
#vct Vector table number (3 bits)
#d8 Immediate data (8 bits)
#d16 Immediate data (16 bits)
dir:b Bit direct address (8:3 bits)
rel Branch relative address (8 bits)
@ Register indirect (Example: @A, @I X, and @EP)
A Accumulator (8 bits or 16 bits, determined on basis of instruction to be used)
AH Higher 8 bits of the accumulator (8 bits)
AL Lower 8 bits of the accumulator (8 bits)

Temporary accumulator

T (8 bits or 16 bits, determined on basis of instruction to be used)
TH Higher 8 bits of the temporary accumulator (8 bits)
TL Lower 8 bits of the temporary accumulator (8 bits)
IX Index register (16 bits)
EP Extra pointer (16 bits)
PC Program counter (16 bits)
SP Stack pointer (16 bits)
PS Program status (16 bits)
dr Either accumulator or index register (16 bits)
CCR Condition code register (8 bits)
RP Register bank pointer (5 bits)
Ri General-purpose register (8 bits, i =0to 7)
X Indi_cat% that X itself is'Fhe immedigte da_ta, _
(8 bits or 16 bits, determined on basis of instruction to be used)
X) Indi _cat% that f[he content_s of Xis th_e acc ng s_ubj ect.
(8 bits or 16 bits, determined on basis of instruction to be used)
() Indicates that the address specified in X is the accessing subject.

(8 bits or 16 bits, determined on basis of instruction to be used)
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B Explanation on the Items of Instructions’ List

382

Table B-2 Explanation on Items of Instructions’ List

Item

Description

MNEMONIC

Represents the instruction coded in the assembler.

Indicates the number of cycles of the instruction (number of instruction cycles).

#

Indicates the number of bytes of the instruction.

Operation

Indicates the operation of the instruction.

TL,TH,AH

Indicates how the contents of TL, TH, and AH change (automatic transfer from A to

T) when the instruction is executed.

The codes in this column indicate the following:

e -indicates no change.

¢ dH indicates the higher 8 hits of the data coded for the operation.

e AL and AH indicate the contents of AL and AH just before the execution of the
instruction.

¢ 00 indicatesthat it becomes 00.

N,Z,V,C

Indicates whether the instruction changes the corresponding flags.
If (isshown in this column, the instruction changes the corresponding flags.

OP CODE

Indicates the instruction code. If the appropriate instruction occupies multiple codes,
they are listed under the following rule:
Example:

48 to 4F means the serial numbers from 48 to 4F.




B.1 Addressing

For the F2MC-8L, the following 10 kinds of addressing modes are supported:

Direct addressing

Extended addressing

Bit direct addressing

Index addressing

Pointer addressing

General-purpose register addressing
Immediate addressing

Vector addressing

Relative addressing

Inherent addressing

Explanation on Addressing

@ Direct addressing

The addressing, which isindicated by dir in the instructions list, is used for accessing the area from 0000y

to OOFF4. In this addressing, the higher one byte of the address is 00. Specify the lower one byte with the

operand.

Figure B.1-1 shows an example.

Figure B.1-1 Example of Direct Addressing

MOV 12H, A

001 2H

4 5H

J— A [a54]

@® Extended Addressing

The addressing, which isindicated by ext in the instructions list, is used for accessing the entire area of 64
KB. In this addressing, specify the higher one byte of the address with the first operand and the lower one

byte with the second operand.
Figure B.1-2 shows an example.

Figure B.1-2 Example of Extended Addressing

MOVW A, 123 4H

1234H
1235H

56H

78H

Als678H]
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@ Bit Direct Addressing

The addressing, which is indicated by dir:b in the instructions list, is used for accessing the area from
0000y to OOFFy on aper bit basis. In this addressing, the higher one byte of the address is 00. Specify the

lower one byte with the operand; and the bit position in the specified address with the lower three bits of
the operation code.

Figure B.1-3 shows an example.

Figure B.1-3 Example of Bit Direct Addressing

SETB 34H: 2 76543210

—> 003 4H X X X X X 1 X X8

)

® Index addressing

The addressing, which is indicated by @IX(off in the instructions list, is used for accessing the entire area

of 64 KB. In this addressing, the contents of the first operand are signed and added to IX (index register).
Then the results are used as the address.

Figure B.1-4 shows an example.

Figure B.1-4 Example of Index Addressing

MOVW A, @IX+5 AH

v
e o [ |+ 53

@® Pointer Addressing

The addressing, which is indicated by @EP in the instructions list, is used for accessing the entire area of
64 KB. In this addressing, the contents of EP (extra pointer) are used as the address.

Figure B.1-5 shows an example.

Figure B.1-5 Example of Pointer Addressing

MOVW A, @EP

EP[2 7 A5H 27 A5H | 124

27 A6H |34y

A [12344]

—_
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® General-purpose Register Addressing

The addressing, which is indicated by Ri in the instructions list, is used for accessing the register bank of
the general-purpose register area. In this addressing, the higher one byte of the address is fixed to 01. The
lower one byte is generated from the contents of RP (register bank pointer) and the lower three bits of the

operation code. The address is then accessed.
Figure B.1-6 shows an example.

Figure B.1-6 Example of General-purpose Register Addressing

MOV AR 6
RP [01 01 08> 01 56H

aen| = a [aed]

® Immediate Addressing

The addressing, which is indicated by #d8 in the instructions list, is used when immediate datais required.
In this addressing, the operand directly becomes the immediate data. The specification of byte/word is

determined using the operation code.
Figure B.1-7 shows an example.

Figure B.1-7 Example of Inmediate Addressing

MOV A, #56H

56K

@® \ector Addressing

The addressing, which is indicated by vct in the instructions list, is used for branching to a subroutine
registered in the table. In this addressing, the operation code includes the vct information, with the
addresses generated on the basis of the correspondence with the contents of Table B.1-1 .

Table B.1-1 Vector Table Address Corresponding to vct

#vct Vector table address (Jump destination, higher address:lower address)
0 FFCOy : FFC1,
1 FFC2, : FFC3,
2 FFC4,, : FFC5
3 FFC6y, : FFC7
4 FFC8,, : FFC9y
5 FFCAy, : FFCBy
6 FFCCy, : FFCDy,
7 FFCE,, : FFCFy
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Figure B.1-8 shows an example.

Figure B.1-8 Example of Vector Addressing

CALLV #5

(Conversion)>EF E C AH| F EH -|

FFcen|pcH| | pc [Ee per]

@® Relative Addressing

The addressing, which is indicated by rel in the instructions list, is used for branching to the area of 128

bytes before or after the PC (program counter). In this addressing, the contents of the operand with a sign
are added to the PC. The results are then stored in the PC.

Figure B.1-9 shows an example.

Figure B.1-9 Example of Relative Addressing

BNE EEH

2 9ABC,, + FFFE
odprc[o AB c—+ . . New PC| 9 AB Au

In this example, the control jumps to the address holding the operation code of BNE, causing an endless
loop.

® Inherent addressing

This addressing, which has no operand in the instructions list, is used for performing an operation

determined on the basis of the operation code. In this addressing, the operations differ depending on the
instructions.

Figure B.1-10 shows an example.

Figure B.1-10 Example of Inherent Addressing

NOP

OldPC| 9 AB CH New PC
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B.2 Special Instructions

This section describes the special instructions other than addressing.

B Special Instructions

® IJMP @A

By this instruction, the control branches to PC (program counter) using the contents of A (accumulator) as
the address. N items of jump destinations have been listed on the table, one of which is selected and

transferred to A. Executing this instruction can achieve N kinds of branch processing.

Figure B.2-1 shows an overview.

Figure B.2-1

JMP @A

(Before execution)

(After execution)

(2230 ]

A
odpc [xxoow] ¥ > Newpc [1234 ]

® MOVW A, PC

This instruction performs the opposite operation of IMP @A. In other words, the contents of the PC are
stored in A. When this instruction has been executed in the main routine and a specific subroutine is to be
called, it is possible to verify that the contents of A are the predetermined value in the subroutine. It is also
possible to verify that the branch was not from an unexpected part, so it is useful in judging that a runaway

has occurred.
Figure B.2-2 shows an overview.

Figure B.2-2 MOVW A, PC

(Before execution) (After execution)

Nezn

N ezese N
odpc [12335 |- ¥ Newpc [ 1234 ]

When this instruction is executed, the contents of A are not the address holding the operation code of this
instruction but the same value as the address holding the next instruction. In Figure B.2-2 , therefore, the
value stored in A, 1234y, is the same as the address holding the operation code next to the MOVW A, PC.
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® MULUA

This instruction multiplies AL (the lower eight bits of accumulator) by TL (the lower eight bits of the
temporary accumulator) without a sign and stores the results in 16 bits length to A. The contents of T
(temporary accumulator) remain as they are. For the operation, the contents of AH (the higher eight bits of
accumulator) and TH (the higher eight bits of temporary accumulator) before the execution are not used.
Take care when using a branch based on the result of multiplication because the flags were not changed.

Figure B.2-3 shows an overview.

Figure B.2-3 MULU A

(Before execution) (After execution)

sG] ]
+ (1w ] + [Tz

® DIVU A

This instruction divides T of 16 bits by AL of 8 bits without a sign, stores the results in 8 bitsto AL, and
stores the remainder of 8 bits to TL. Both AH and TH become 0. For the operation, the contents of AH
before execution are not used. If the results exceed 8 hits, they are not guaranteed. Also, the fact that the
results exceeded 8 bits is not indicated. So when using data units that may cause this type of situation,
judge them in advance.

Take care when using a branch based on the result of division, because the flags were not changed.

Figure B.2-4 shows an overview.

Figure B.2-4 DIVU A

(Before execution) (After execution)

N R
+ [0 + (o002




® XCHW A, PC

This instruction replaces the contents of A and the contents of PC, resulting in a branch to the address
indicated by the contents of A before execution. The contents of A after execution become the value of the
address next to the address holding the operation code, XCHW A, PC. Thisinstruction is useful especially
when atableis specified in the main routine and a subroutine usesiit.

Figure B.2-5 shows an overview.

Figure B.2-5 XCHW A, PC

(Before execution) (After execution)
A A
pc| 12344 pPc| 56784
After execution of thisinstruction, the contents of A do not become the address holding the operation code
of thisinstruction. Instead, they are the same as the address holding the next instruction. In Figure B.2-5,

therefore, the value stored in A is 1235y, agreeing with the address holding the operation code next to
XCHW A, PC. Note that it isnot 1234y, but 1235,,.

Figure B.2-6 shows an example of assembler coding.

Figure B.2-6 Usage Example of XCHW A, PC

(Main routine) (Subroutine)

MOVW A, #PUTSUB PUTSUB XCHW A, EP
XCHW A, PC

PUSHW A
DB 'PUT OUT DATA', EOL PTS1 MOV A, @EP
MOVW A, 1234H INCW EP
. MOV 10, A <— Outputs a
table data
CMP A, #EOL unit.
BNE PTS1
POPW A
XCHW A, EP

JMP @A
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® CALLV #vct

This addressing is used for branching to one of the subroutine addresses registered in the table. After the
return address (the contents of PC) is saved to the address indexed by SP (stack pointer), the control is
branched to the address listed in the vector table via the vector addressing. This instruction is one byte, so
using it for the frequently used subroutines enables the entire program size to be smaller.

Figure B.2-7 shows the overview.

Figure B.2-7 Executing Example of CALLV #3

(Before execution) (After execution)

e [FeDea]
sp 1252 |

sp [z

12324 | Xxn 12324 | 56H
12331 | XXH 12331 | 79H
FFC6H | FEH FFC6H| FEH
FFC7x| DCH FFC74| DCH

When this instruction is executed, the contents of the PC to be saved in the stack area are not the address
holding the operation code of this instruction. Instead, they comprise the address holding the next
instruction. In Figure B.2-7 , therefore, the value saved in the stack (1232, and 1233,) is the same as the
address holding the operation code next to CALLV #vct (return address), i.e. 5679,.
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B.3 Bit Manipulation Instructions (SETB and CLRB)

Some registers of peripheral functions have bits that perform a read operation different
from ordinary read for a bit manipulation instruction.

B Read-modify-write Operation
The bit manipulation instructions can set "1" (SETB) to the specified bit in aregister or RAM or clear it to
"0" (CLRB). Because the CPU handles the data in 8 bits, however, it actually reads the 8-bit data, modifies
the specified bit, and then writes it back to the original address. This series of operations is called read-
modify-write operation.

Table B.3-1 shows the bus operation at bit manipulation instructions.

Table B.3-1 Bus Operation at Bit Manipulation Instructions

CODE MNEMONIC ~ | Cycle | Address bus Data bus RD WR | RMW
AOto A7 | CLRBdir:b 4 1 N+1 Dir 0 1 0
2 dir address Data 0 1 1
A8to AF | SETBdir:b 3 dir address Data 1 0 0
4 N+2 Next operation 0 1 0

B Read Destination at Execution of a Bit Manipulation Instruction
For some I/O ports and interrupt request flag bits, the read destination for read-modify-write is different
from that for ordinary read.

@® 1/0O port (at bit manipulation)

For some I/O ports, the value of the I/O pin isread at ordinary read; meanwhile, the value of output latch is
read at bit manipulation. This is to prevent the other bits of the output latch from being accidentaly
changed regardless of the I/O direction and pin state.

@ Interrupt request flag bit (at bit manipulation)

The interrupt request flag bits work as flag bits for confirming an interrupt request at ordinary read;
meanwhile, "1" is always read at bit manipulation. This is to prevent the interrupt request flag bits from
being written as"0", and accidentally clearing the flags at bit manipulation for another bit.
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B.4 F2MC-8L Instructions List

Table B.4-1 to Table B.4-4 list the instructions used by the F2MC-8L.

B Transfer Instructions

Table B.4-1 List of Transfer Instructions (1/2)

No. MNEMONIC ~ # Operation TL TH AH N z \ C | OP CODE
1 [MOV dir,A 3 2 | (dir) ««A) - - - - - - - 45
2 |MOV @IX+off, A 4 2 | ((1X) +off) «H(A) - - - - - - - 46
3 |MOV ext, A 4 3 | (ext) HA) - - - - - - - 61
4 |MOV @EP A 3 1 | ((EP)—A) - - - - L a7
5 |MOV Ri,A 3 1 [ (Ri)«A) - - - - - - - 48 to 4F
6 MOV A, #d8 2 2 |A)«d8 AL - - + + - - 04
7 |MOV A, dir 3 2 | (A) dir) AL - - + + - - 05
8 |MOV A, @IX +off 4 2 | (A) «( (1X) +off) AL - - + o+ - - 06
9 |MOV A, ext 4 3 | (A) «Hext) AL - - + + - - 60
10 MOV A, @A 3 1 [(A) (@A) AL - ; o+ - 9
11 |MOV A, @EP 3 1 |(A)(EP) AL - - + o+ - - 07
12 |MOV A,Ri 3 1 |(A) R AL - - + o+ - - 08'to OF
13 | MOV dir, #d8 4 3 | (dir) «d8 - - - - - - - 85
14 | MOV @IX+off, #d8 5 3 | ((IX) +off) «d8 - - - - - - - 86
15 |MOV @EP #d8 4 2 | ((EP))<«d8 - - - - - 87
16 | MOV Ri,#d8 4 2 | (Ri)«ds - - - - - - - 88 to 8F
17 |MOVW dir, A 4 2 | (dir) «HAH), - - - ..o D5
(dir+1) «(AL)
18 |MOVW @IX+off ,A| 5 2 | ((X)+off ) «(AH), - - - - D6
((IX)+off+1
19 |MOVW ext, A 5 3 | (ext) ««(AH), - - - - - - - D4
(ext+1) «<HAL)
20 |MOVW @EP A 4 1 [ ((EP)) «(AH), - - - - L D7
((EP)+1) «HAL)
21 |MOVW EP A 2 1 (EP) «(A) - - - - - - - E3
22 |MOVW A, #d16 3 3 (A) «d16 AL AH dH + + - - E4

392



Table B.4-1 List of Transfer Instructions (2/2)

No. MNEMONIC Operation TL TH AH OP CODE
23 |MOVW A, dir (AH) «(dir), AL | AH dH c5
(AL) «dir+1)
24 |MOVW A, @IX+off (AH) «( (IX) +off), AL | AH | dH C6
(AL) A (IX)
25 |MOVW A, ext (AH) «(ext), AL | AH | dH c4
(AL) «{(ext+1)
26 |MOVW A, @A (AH) <((A)), AL | AH dH 93
(AL) A (A)+1)
27 |MOVW A, @EP (AH) <( (EP)), AL | AH | dH c7
(AL) «H (EP)+1)
28 |MOVW A, EP (A) «(EP) - - dH F3
29 |MOVW EP #d16 (EP) «d16 - - - E7
30 |MOVW IX, A (IX) —(A) - - - E2
31 |MOVW A, IX (A) (IX) - - dH F2
32 |MOVW SR A (SP) «(A) - - - El
33 |MOVW A, SP (A) <{(SP) - - dH F1
34 |MOV @A, T ((A)) T - - - 82
35 [MOVW @A, T ((A)) ««(TH),) - - - 83
((A)+1) «ATL)
36 | MOVW IX, #d16 (IX) «d16 - - - E6
37 |MOVW A, PS (A) —(PS) - - dH 70
38 |MOVW PS A (PS) «(A) - - - 71
39 | MOVW SR #d16 (SP) «d16 - - - E5
40 |SWAP (AH) «—AL) - - AL 10
41 |SETB dir:b (dir):b «1 - - - A8to AF
42 |CLRB dir:b (dir):b «0 - - - AOto A7
43 |XCH A, T (AL) «(TL) AL - - 42
44 | XCHW A, T (A) «(T) AL | AH dH 43
45 | XCHW A, EP (A) «—(EP) - - dH F7
46 | XCHW A, IX (A) «(IX) - - dH F6
47 |XCHW A, SP (A) «—SP) - - dH F5
48 |MOVW A, PC (A) «(PC) - - dH FO
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Note:
At byte transfer operation to A, the automatic transfer to T isrepresented by TL «<-AL.

The operands in a multiple-operand instruction are stored in the order in which they are indicated in
MNEMONIC.

B Operation Instructions

Table B.4-2 List of Operation Instructions (1/4)

No. MNEMONIC ~ # Operation TL TH AH N VA \ C | OP CODE
1 |ADDC A,Ri 3 1 |(A) ~HA)+RI)+C - - - + o+ o+ o+ 2810 2F
2 |ADDC A,#d8 2 2 |(A) HA)+d8+C - - - + o+ o+ o+ 24
3 | ADDC A, dir 3 2 |(A) HA)Hdin+C ; . - + o+ o+ 4+ 25
4 |ADDC A, @IX+off 4 2 | (A) A+ (IX)+off)+C - - - + o+ o+ o+ 26
5 |ADDC A, @EP 3 1 [(A) HA)+((EP))+C - ; : o+ o+ o+ 27
6 |ADDCW A 3 1 [(A) HA)HT)+C - - dH |+ o+ o+ o+ 23
7 |ADDC A 2 1 [(AL) HAL)HTL)+C - - - + o+ o+ o+ 22
8 |SUBC A,Ri 3 1 | (A) HA)-(Ri)-C - - - + o+ 4+ 4+ 38to 3F
9 |SUBC A, #d8 2 2 | (A)«H{A)-d8-C - - - + o+ 4+ 4+ 34
10 |SUBC A, dir 3 2 | (A) «HA)-(din-C - - - + 4+ 4+ 4+ 35
11 | SUBC A, @IX+off 4 2 | (A) {A)-( (1X)+off)-C - - - + o+ o+ o+ 36
12 |SUBC A, @EP 3 1 |(A)HA)((EP))-C - - - o+ o+ 37
13 | SUBCW A 3 1 | (A)AT)-(A)-C - - dH + o+ 4+ 4+ 33
14 |SUBC A 2 1 | (AL) <A(TL)-(AL)-C - - - o+ o+ o+ 3R
15 |INCRi 4 1 | (Ri) HRi)+1 - - - + + + - C8to CF
16 |INCW EP 3 1 |(EP) HEP)+1 - - - - L c3
17 |INCW IX 3 1 [ (X) «(1x)+1 - - - - L c2
18 |INCW A 3 1 | (A) HA)+L - - aH |+ o+ - - co
19 |DEC Ri 4 1 | (Ri) ~(Ri)-1 - - - + o+ - D8to DF
20 |DECW EP 3 1 | (EP)«{EP)-1 - - - - L D3
21 | DECW IX 3 1| (X) «(1X)-1 - - - oL D2
22 |DECW A 3 1 [(A) —HA)1 - - aH |+ o+ - - DO
23 |MULU A 19 1 |(A)«{AL)x (TL) - - dH | +  + o+ o+ 01
24 |DIVU A 21 1 |(A) «(T)/(AL), MOD —(T) dL 00 00 - - - 1
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Table B.4-2 List of Operation Instructions (2/4)

No. MNEMONIC # Operation TL TH AH OP CODE

25 |ANDW A 1 - - dH 63
A =A)A (M)

26 |ORW A 1 - - dH 73
A=AV M

27 | XORW A 1 - - dH 53
A=AV M

28 |cMP A 1 (TL) - (AL) - - - 12

29 |[CMPW A 1 (T)- (A) - - - 13

30 |[RORC A 1 C—A - - - 03

31 |ROLC A 1 C—A - - - 02

32 |CMP A, #d8 2 (A)-d8 - - - 14

33 [CMP A, dir 2 (A) - (dir) - - - 15

34 |CMP A, @QEP 1 (A)-((EP)) - - - 17

35 |[CMP A, @IX+off 2 (A)-( (IX)+off) - - - 16

36 |[CMP A,Ri 1 (A) - (Ri) - - - 18to 1F

37 | DAA 1 decimal adjust for addition - - - 84

38 |DAS 1 decimal adjust for subtraction - - - 94

39 [XOR A 1 - - - 52
(A) < (AL) V (TL)

40

XOR A 2 - - -
© T (A)<— (AL)V d8 4
41 | XOR A, di 2 . - - - 55
" (A)— (ALY (dir)

42 | XOR A, @QEP 1 - - - 57

(A= (ADV ((EP))
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Table B.4-2 List of Operation Instructions (3/4)

No. MNEMONIC # Operation TL TH AH OP CODE
43 | XOR A, @IX+off 2 A= (ALY ((1X) +off) 56
44 XOR A, Ri 1 (A)— (ALY (R) 58 to 5F
45 AND A 1 62
(A) < (AL) A (TL)
2
46 AND A, #d8 A) — (A) Ads 64
2
47 AND A, dir (A) < (AL /\(dil’) 65
1
48 AND A, @QEP 67
@ (A) — (AL) A ((EP))
2
49 AND A, @I X+off A) — (AL A ( (IX)+off) 66
1
50 AND A, Ri (A) — (AL A (Ri) 68 to 6F
51 OR A 1 i 72
A — (AL V R)
52 OR A, #d8 2 (A) — (AL) v d8 74
53 OR A, dir 2 . 75
() — (AL) v (din
54 OR A, @QEP 1 77
() — (AL) V ((EP))
55 OR A, @IX+off 2 76
@ (A) < (AL) v ( (IX)+off
56 OR A, Ri 1 X 78to 7F
A < (AL V R)
57 | CMP dir, #d8 3 (dir)-d8 95
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Table B.4-2 List of Operation Instructions (4 / 4)

No. MNEMONIC Operation TL TH AH zZ Vv OP CODE
58 |CMP @EP #d8 ((EP))-d8 - - - + o+ 97
59 |[CMP @IX+off, #d8 ( (1X)+off)-d8 - - - + o+ 96
60 |CMP Ri,#d8 (Ri)-d8 - - - + 4 9810 9F
61 |[INCW SP (SP) «(SP)+1 - - - - - c1
62 |DECW SP (SP) ««(SP)-1 - - - - - D1
B Branch Instructions
Table B.4-3 List of Branch Instructions
No. MNEMONIC Operation TL TH AH Z Vv OP CODE
1 |BZ/BEQ rd if Z=1then PC «PC+rel - - - - - FD
2 | BNZ/BNE re if Z=0 then PC «PC+rel - - - - - FC
3 |BC/BLO re if C=1 then PC «PC+rel - - - - - F9
4 | BNC/BHS rel if C=0 then PC «PC+rel - - - - - F8
5 |BN rel if N=1 then PC «PC+rel - - - - - FB
6 |BPrd if N=0 then PC «PC+rel - - - - - FA
7 |BLT e if VV N=1then PC— PC+rel| - - T FF
8 |BGErd if VV N=0then PC— PC+rel| - - T FE
9 |BBC dirb,re if(dir:b)=0 then PC «PC+rel - - - + - BO to B7
10 |BBS dir:b, rel if(dir:b)=1 then PC «PC+rel - - - + - B8 to BF
11 |IMP @A (PC) «~A) - - - - - EO
12 | IMP ext (PC) «ext - - - - - 21
13 | CALLV #vct vector call - - - - - E8to EF
14 |CALL ext subroutine call - - - - - 31
15 |XCHW A, PC (PC) «~(A), (A) «PC)+1 - - dH - - F4
16 |RET return from subroutine - - - - - 20
17 | RETI return from interrupt - - - restore 30
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m Other Instructions

Table B.4-4 List of Other Instructions

No. MNEMONIC Operation TL | TH | AH OP CODE
1 |PUSHW A ((SP)) HA), (SP) {(SP)-2 40
2 |POPW A (A) <((SP), (SP) «{(SP)+2 dH 50
3 |PUSHW IX ((SP)) «{IX), (SP) ««{(sP)-2 4
4 | POPW IX (IX) <{(SP)), (SP) «{(SP)+2 o1
5 NOP No operation 00
6 |CLRC (C)«0 81
7 |seTC (C) 1 91
8 |CLRI (0 80
9 |SETI () 1 %
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Instruction Map

B.5

Table B.5-1 shows the instruction map of the F2MC-8L.

B Instruction Map

Table B.5-1 Instruction Map of the F2MC-8L

[El} L# 7 /o [EBIEE /R 8P# /Y [8P# LY [|LdV 4 [V JAS| 14V I A2 PRSI
gl A1IvO 03d ONI| Jip sgd da13s dND NOW d0 anNyvy dOX NOW odNns| oaav dND NOW
[EX] o# 94 9d 191 '911p [9:mp 8p# ‘'9d [8P# '9d |99 'V 94 'V 9d 'V Vv '9d 94 'V 9d 'V 94 'V 9y 'V
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Zd| A1T1VO 03da ONI| JdIp sag g13S dND NOW d0 [e]\\} HOX NOW 2dns| odav dND NOW
[E)] Vi vd =] 121 ap [viap 8P# v [8P# VY [vd 'V vy 'V vy v vV vd vd'V vV vd v vd v
ZNd| ATIVD 03a ONI| 1ip sgd g13s diNO NOW d0 anNv dOX NOW odns| oaav dND AOW
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dd| A1IvO 03a ONI|up sag a13s dND NOW d0 anNy dOX NOW oans oaav dND AOW
124 T# Td T 191 " THIp (TP 8p# 'Td [8P# Td [Td 'V TH 'V 1d 'V vV Td Td 'V T 'V TV Td 'V
od| A1TIVO o3a ONI| smpsggl gi3s| dwo NOW I<le} anvy jS[e)d AOW| Dans| oaav dND|  AOW
124 o# 0y od [2170Ip [O-1Ip 8P# 04 [8P# 0d [0d 'V 0d 'V 0d 'V v ‘0d 0d 'V 0d 'V 0d 'V 0d 'V
ONg| A1IVO 03d ONI| up sgg d13s dNO NOW| d0 anNv dOX| NOW odns| oaav diNO NOW
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MHOX| MAOW[ MAOW| MAOW| upogg| 10 dIND) NOW do anvy S[e) AOW[ 28ns| oaav dND ANOW
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APPENDIX C Mask Options

Table C-1 lists the mask options of the MB89202/F202RA series.

B Mask Options

Table C-1 Mask Options

No. Part number MB89202 MB89F202/F202RA MB89V201
Specifying procedure Specify when ordering Specify by part number
masking
1 Selection of initial value of main clock | Selectable Fixed to 218/F Fixed to 28/Fcy,

oscillation settling time*
(Wlth FCH =125 MHZ)

01 : 2%%Fc, (Approx.1.31 ms)
10 : 2Y/F ¢y (Approx.10.5 ms)
11 : 2"8/F¢y (Approx.21.0 ms)

2 Reset pin output Selectable With reset output With reset output
With reset output
Without reset output

3 Power on reset selection Selectable With power-on reset With power-on reset

With power-on reset
Without power-on reset

Fcn : Main clock scillation frequency
* : Initia value to which the oscillation settling time bit (SYCC : WT1, WTO) in the system clock control register is set
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APPENDIX D Programming EPROM with Evaluation Chip

This section describes how to program EPROM with evaluation chip.

m Programming EPROM with Evaluation Chip

® EPROM for use

32 Kbyte EPROM (equivalent to MBM27C256A DIP-28)

Figure D-1 Memory Map of the Evaluation Chip

mode
0000H

In normal operation

0080y

110

02804

RAM 512bytes

8000y

Unavailable

FFFF

Program area

(PROM 32Kbytes)

(Corresponding address on
the ROM programmer)

0000H

Program area

(PROM 32Kbytes)

7FFFy

@® Programming EPROM

1. Makethe MBM27C256-equivalent setting for the EPROM programmer

2. Load the program data to the area from 0000y to 7FFF of the EPROM programmer.

3. Program the area from 0000y to 7FFF with the EPROM programmer.
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APPENDIX E Pin State of the MB89202/F202RA Series

Table E-1 describes the pin states in each operation mode of the MB89202/F202RA

series.

B Pin States in Each Operation Mode

Table E-1 Pin States in Each Operation Mode

Pin name In normal operation In sleep In stop mode In stop mode During a reset
mode mode (SPL=0) (SPL=1) 9
X0 Oscillation input Oscillation Hi-Z Hi-Z Oscillation
input input
X1 Oscillation output Osxillation "H" output "H" output Oscillation
output output
POO/INT20/AN4
o Ecc)jrt 1/0O or resource Hold Hold Hi.z *172 Hi-Z
PO7/INT27
P30/UCK/SCK
o Egt 1/O or resource Hold Hold Hiz *172 Hi-7
P37/BZ/PPG
P40/ANO
to ::;gt /O or resource Hold Hold Hi-z "2 Hi-Z
P43/AN3
P50/PWM :7%” /G or resource Hold Hold Hiz *2 Hi-Z
P60, P61 Port 1/0 Hold Hold Hi-Z *2 Hi-Z
P70to P72 Port 1/0 Hold Hold Hi-Z *2 Hi-Z

*1:  For port input and peripheral input, the internal input level is fixed to prevent them from generating aleak viathe
input open. However, if external interrupts are alowed for POO to PO7 and P34 to P36, only the externa interrupts

are available as their inputs.

*2:  Thepins, for which pull-up is selected by the option setting, enter the pull-up state.

Hi-Z: Indicates high impedance.

Hold: The pins, for which output is set, maintain the pin state (level) just before the mode transition.

SPL: Pin state spacification bit of the standby control register (STBC)
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INDEX

The index follows on the next page.
This is listed in alphabetic order.
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